Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 






TY OF CALIFORNIA LIBRARY OF THE UNIVERSITY OF CALIFORNIA 




LIBRARY OF TK Ul 




:) "^^:S!^gi^ ^ ^'^i:!^^^ Qi^^~\kD ^"^^^SSIS^ ^ ^^^^CiiSggi^'" a 

TY OF CALIFORNIA LIBRARY OF THE UNIVERSITY OF CALIFORNIA LIBRARY OF THE U 




TY OF CALIFORNIA LIBRARY OF THE UNIVERSITY OF CALIFORNIA LIBRARY OF THEUN 

-^ .^^;lS^5:s^. = yf!^^^^ OlW/fo y;^32;:5?^ = /^?^vo^.. 0\ 





-\\ •-- 



5^ 

SITY OF CALIFORNIA 




LIBRARY OF THE UNIVERSITY OF CALIFORNIA 



LIBRARY OF IF 




SITY OF CALIFORNIA 



LIBRARY OF THE UNIVERSITY OF CALIFORNIA 



LIBRARY OF TH 




SITY OF CALIFORNIA 



LIBRARY OF THE UNIVERSITY OF CALIFORNIA 



LIBRARY OF TH 




I 



S^BMSiflHH 



c 



s « . < '. 4*>-%. 




ASSOCIATION 



• C^-S'D/lA,.v. #^-^ 






Ajn> 



EXPERIMENT STATIONS. 



'i 



CONVENTION "HELD AT THE DEPARTMENT OP AGRICULTURE, 

WASHINGTON, D. C, OCTOBER, 1887. 



REPORT OF THE. COMMITTEE ON STATION WORK. 



W. O. ATWATER, Pu. D., Middletown, Conn., 
S. W. JOHNSON, Ph. D., New Haven, Conn., 
GEO. H. COOK, LL. D., New Brunswick, N. J., 

Committee* 







4 



I 



introduction.i5b5S» 



The committee, appointed in accordance with a resolution passed near 
the close of .the last session of the convention, respectfully present the 
following statements : 

I. 

The resolution was somewhat general in its character, and in order 
to learn as definitely as practicable what was expected of them the 
committee availed themselves of such opportunity as they could find, 
after the close of the meeting, to converse personally with members of 
the convention. From the resolution, the discussion, personal con- 
ference, and letters of inquiry, they gather that they were desired in 
general to consider and suggest^ how the work of the stations can be 
planned, co-ordinated, and otherwise facilitated, so as to secure the 
greatest efficiency in the carrying out of their purpose as specified in 
the Congressional enactment, and, in particular and immediately, to 
collate information and make suggestions as to — 

Material eqnipment of stations, incladiDg especially buildiDgs, apparatus, books, 
etc. 

Lines and methods of individual and co-operative investigation by the stations. 

Intercommunication between the stations. 

Means of obtaining accounts of the operations and results of work of experiment 
stations and other institutions for agricultural research, American and European. 

Methods of disseminating information as to stations and station work among farm- 
ers, and securing their oo-operation. 

All that the committee can do in the brief time allowed before the 
publication of the present report is to make a few statements and sug- 
gestions concerning the more important points, and these only in out- 
line. In so doing they are aware that their duty is simply to inquire 
and to sngge^. 

As regards the material equipment of the stations it is difficult to 
make general recommendations, because of the diversity of the work of 
the stations and of the conditions under which it is to be done. 

At the request of the convention, one of the members of the com- 
mittee has prepared a list of books appropriate to a station library. 
This is printed elsewhere. Apparatus will naturally be suited to the 
demands of each case. The facilities now offered by dealers for im- 

M794261 



portiug European apparatus duty free make this way of economizlug in 
the purchase very couvenieut. Examples of buildings erected ou plans 
which are the outcome of experience in station work are to be seen at 
the Massachusetts station in Amherst and the Connecticut station in 
New Haven. The j^orth Carolina station at Raleigh h»3 a greenhouse 
and connected arrangements for vegetation experiments, the plans for 
which were, with minor modifications, as prepared for the Connecticut 
station in anticipation of a structure for the purpose there. The !N'ew 
Jersey station at Rutgers College, New Brunswick, gives an illustration 
of what can be done with small existing accommodations. 

Descriptions of buildings, apparatus, greenhouses, grounds, and other 
things belonging to the material equipment of stations are to be found 
in the journals and memoirs which contain the original reports of their 
work. There are a few special volumes which are very convenient for 
reference in this connection ; such, for instance, is Professor Grandeau's 
Stations Agronomiques, Paris, 1869, which gives descriptions of some 
German experiment stations. 

To give detailed plans for laboratory buildings to be put up at a given 
cost, or ways in which a given amount of money could be spent for 
apparatus, has been requested in letters received by the committee. In 
the lack of definite information it would be a difficult task at best, and 
with the limited time at the disposal of the committee it is hardly practi- 
cable to make in this report any series of general outlines which would 
be woith enough to warrant the attempt. The committee will, how- 
ever, be very glad to do anything in their power in response to indi- 
vidual inquiries 

Concerning means for intercommunication between the stations, th« 
committee feel delicate about making suggestions, the more so as the 
matter has been discussed at conventions, and especially as the author- 
ity given the Commissioner of Agriculture by Congress in the Hatch 
bill would seem to include measures to this end, and the Commissioner 
has signified his intention to make provision which may include this. 
They will, therefore, only say that both thjair observation of the work- 
ings of other stations and their own personal experience have impressed 
them with the importance of full and frequent intercommunication^ in 
order that each station may be made constantly acquainted with the 
work of others, and that oonference and consultations may be facilitated. 
One of the difiSculties under which the workers of the stations must 
labor is their comparative remoteness from each other and the coase- 
quent lack of that constant contact which is so helpfuL Whatever 
will tend to bring them together, and to keep them in the great cur- 
rent of experimental research, will be of the utmost usefulness. Both 
meetings for discussion of «i)ecial topics of interest and an interchange 
of publications will be most valuable. It might be well for each sta- 
tion, carrying out liberally the principle of the law of 18G2, to «end 
several copies of each of its publications to each of the other stations. 



Doubtless owe very effleleut agency waald be an organ of the stations, 
a pablicatioii which stoald contain accounts of their cttrrent research, 
abstracts of like work in other countries, and other matters of mntnal 
interesL Such a pablication, properly edited and adapted to oar special 
wants, appearing regularly and bdnjiciiig the latest information, doing 
for workers in that special line what the IHe Landwirthsehaftliehen Yer- 
mich'Statianen does for the German stations, and the journal of the 
Lond&Q Chemical Society does for chemists in general, and otherwise 
praviding prompt and constant intercommunieation between individual 
.stations and briBgiBg to them things they want to know ^om out- 
side, would be extremely raluable. Of course it would cost no little 
labor^ learning,, and motiey, but with the partical^ariy pressing n«ed of 
every help Oif this sort, the expense wcKild bear no comparison with the 
usefulness; indeed, it is a question whether the stations can afford to 
he without it 

The methods of disseminating Information are Irkepwise a matter con- 
cerning which the committee feel some delicacy in making suggestions, 
except in so fae as to say that from their individual experience as sta- 
tion directors, and what they have otherwise observed, they are led to 
believe that each station will serve its eonstitaency, the cause, and its 
own interests by setting forth in reports, bulletins, lectures before far- 
mers' meetings, and otherwise the fruits of its own and other work in 
the forms best adapted to the purpose. 

It is the duty of the station to educate as well as to investigate. It 
can make its own product more useful to its community by adding to it 
what has been elsewhere obtained, but its announcements should be 
only those of accurately attested fact ; any others will weaken its influ- 
ence. For reports of researches technical forms are in place, but state- 
ments of practical results for farmers' use ought to be in plain, terse 
language, and accompanied by such explanations that the people for 
whom they are intended will easily understand and not mistake their 
meaning. 

Among the means for securing the co-operation of the farmers, and 
at the same time acquiring and disseminating useful information, one 
of the most useful and efficient with which the committee are familiar 
is that of instituting experiments by agricultural associations and indi- 
vidual farmers. As stated beyond, the committee are endeavoring, by 
correspondence and the preparation of a brief report on this especial . 
subject, to facilitate co-operative effort in this direction the coming 
season. 

II. 

One of the things most frequently insisted upon in the convention 
and elsewhere is the importance of learning what questions especially 
demand attention in the different States or sections, to what extent 
these questions have already been investigated, and in what ways the 



different stations may advantageously avoid repeating work which has 
already been done, or is to be done, by other stations, or may co-operate 
in the stady of problems of common interest. 

In order to obtain information as to the subjects which the different 
stations would naturally be called upon to study, and at the same time 
secure the benefit of the suggestions which might be made by gentle- 
men who are charged with the work, the committee have sent out cir- 
culars of inquiry to representatives of stations and colleges concerned 
in one or both of the acts of Congress of 1862 and 1887. As the asso- 
ciation had made provisions by which other institutions engaged in ag- 
ricultural experimenting might participate in its work the circulars were 
sent to a number of these also. Beplies have been received from a large 
number of the stations. Some are quite extended, and include details 
which would be hardly in place in this report; others are very brief. 
The replies are still coming at the time of this writing. The committee 
are sorry not to have replies from all in season to include them here. 
The omissions and slight editorial alterations made in putting the com- 
munications into shape for the printer have not been made without care, 
and the committee hope that if in any case they shall appear to the 
writer to have left out matter of importance, or otherwise done injustice 
to the communication, he will at least have the charity to believe that 
the committee have done no intentional wrong. 



REPLIES TO CmCULAR. 



Professor Jordan, director of the Maine Agricultural Experiment 
Station, maps out divisions of work of investigations, etc., as follows: 
1) Fertilizers, plant nutrition, methods of crop-growing. 

[2) Foods, feeding, animal products. 

[3) Plants, their diseases, injurious insects. 

[4) Diseases of animals. 

[5) Horticultural work. 

[6) Agricultural physics and meteorology. 
7) Police work (fertilizer control, etc.). 

Among the special questions which will demand the attention of the 
Maine Station Professor Jordan mentions as one of the first, "The eco- 
nomic side of compoundings of cattle rations, around which general 
questions are grouped a number of minor problems." For buildings, he 
now hopes for the erection, at the outset, of one to serve principally for 
the chemical work in which would be the station office and the direct- 
or's private room. Later, if funds are forthcoming, a horticultural out- 
fit in connection with a building which shall also accommodate natural 
history and veterinary work will be desired. Professor Jordan suggests 
that intercommunication between the stations will be facilitated by per- 
sonal correspondence between those interested in similar lines of re- 
search, and the general good would be advanced if the results obtained 
by all the stations could be digested and put into convenient form for 
publication by proper persons. One of the methods proposed and since 
undertaken by the Maine Station for putting itself in connection with 
its constituency is a canvass of the whole State for names of farmers 
who are desirous of receiving bulletins. 

Professor Whitcher, of the Kew Hampshire College of A griculture and 
the Mechanic Arts, considers that in that State " the dairy interest is 
all important, and opens the door to numerous lines of study." As this 
State is so far north the question of the success of new Russian forage 
crops is atnatter of interest, and the ensilage problem is very impor- 
tant. In connection with the production of these crops come the ques- 
tions of soil fertility and its maintenance by manures. 

Professor Whitcher lays out an interesting scheme of questions con- 
nected with and emanating from the general one of dairying. They in- 
clude breeds of cattle; crops for fodder, and the fertilizing of land for 
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their production ; waste products for fodder; milk, and how it is affected 
by food, abuormal condition of animals, breed^ and surroundings; 
cheese and butter, and their lAanufacture, etc. Included under these 
are various minor problems. Among these latter, Professor Whitcher 
mentions particularly ''The laws which govern the effect of food upon 
milk, if such laws exist or are discoverable; the physical properties of 
milk and cream; the solution of the vexing milk-globule problem; the 
why and wherefore of churning; the clearing up of the so-called ripening 
of cream; the part played by micro-organisms, etc." Professor Whit- 
Cher's plan would, if carried out, make the Kew Hampshire Station, to 
a considerable extent, a splendid dairy station. 

From Vermont, Mr. W. W. Oooke, director of the State Agricultural 
Experiment Station, writes that — 

Feediug and fertilizers are the most prominent qneetiooB that oar farmers are de- 
sirous of having the station take in hand. Some of the qaestions they are asking are 
as follows: 

To what extent can cotton-seed meal he profitahly substitated for corn meal in the 
production of butter ? 

Can Holsteins be profitably used as butter eows in Vermont ? 

Can undissolved phosphates be profitably used on the farm for any cropT What 
can we afford to pay for Thomas slag f 

Is there a method for determining what is lacking in the soil more accurate than 
plot experiments? 

What is the cause and what the cure of potato scab ; and what of x>otato rot t 
What will cure rust in oats ? What is the remedy for pear blight f 

Mr. Cooke thinks a good deal of the work of the Vermont Station 
will be in the line of the diseases of plants. His letter suggests a num- 
ber of other questions, the chief of which are the feasibility of judging 
of the needs of a soil from the analysis of the ash of the plants that 
grow upon it; the effect of nitrogenous and phosphatic fertilizers upon 
the digestibility of the protein of a fodder; the value of the increased 
amount of digestible protein derived from an acre of timothy that has 
been manured with nitrogenons fertilizers as compared with the cost 
of the fertilizer, "i. e., how much extra fertilizer can be profitably ap- 
plied for this particular purpose T'^ 

Mr. Oooke would deem it wise for the stations in some of their earlier 
bulletins to give a general sketch of the problems they are to work on 
during the coming season, adding that " I think each would furnish 
food for reflection for many of the other stations.'^ 

From the University of Wisconsin, Prof. W. A. Henry, director of 
the Agricultural Experiment Station of that State, sends the following: 

Questions uppermost in our minds here are : 

(l> The effects of the various food articles upon the composition ei the body of tha 
Animal fed. Under this is the question of whether or not protein from nalk will bmld 
tip the same sort of frajne as protein from shorts, pease, or clover. In other words, 
is protein protein, no matter what the source ? Another question of interest in this 
|>art is, "Does not excessive corn feeding greatly weaken the bones of animals from 
lack of mineral matter in the food supply?" 
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(2) The best mefebod of hoasing fodder and preparing it for feeding to stock. Under 
this comes the subject of ensilage^ with its many problems, to which the station is 
directing moat of its money and energy this year. There are not less than 700 silos 
in the State, and many more will be built the coming season. We are much pressed 
for information on the subject by our farmers. While most of the woric is in the 
directly practical line, we are carrying on a carefully planned digestion experiment 
with ensilage and fodder, thus trying to add to our very limited knowledge on that 
side of the subject. 

We are also studying the cutting of feed and grinding and cooking of grain. 

(3) We hope, now that Dr. Babcock is with us, to make a careful study of the 
physical proportions of milk. This most important question has been almost neglected 
thas far. Oar second chemist is patiently working on the test churn and hunting for 
a quick, simple method of determining the fat in milk so that patrons in co-operative 
dairy factories can divide money on milk according to quantity multiplied by quality 
as indicated by the fat content. This is a very important question in this State where 
the dairy interests are very large and co-operation the rule. 

(4) We have done nothing, nor do we wish to have much to do, with commercial 
fertilizers. We shall labor to keep them out of the State by conserving the fertility 
of our soil. What we need of additional fertility we propose to import firom Dakota 
and Manitoba in the form of bran and shorts. This station has for years labored 
with our farmers on this point, and now train-loads of bran are left daily in our State 
to be fed to our stock, the mantire from which feeds the land. 

(5) Soil physics and soil fertility we should take up, and hope to do so under the 
new regime. 

As regards co operation between diflferent stations, Professor Henry 
tbinJts that the most reasonable way at present " would be to let the 
various statioois fall into lines of work of eommen interest by natural 
affinity rather than by forced union or co-operation. Individuality is a 
factor of great power in all good work, as shown by our American sta- 
tions as well as foreign ones. I have really no fear of the useless dupli- 
cation of woa*k that is sometimes mentioned in this connection. That 
we ought to combine the work together I fully believe, but let this 
combination come about from a feeling of necessity." Professor Henry 
thinks representatives of different stations interested in a given subject 
will naturally communicate with one another, and arrange for work 
whld} may be to a greater or less extent co-operative, and adds: 

Let ns come together often, and listen to the leaders of thought in the various lines 
and to our committees, and we will warm up to the work, and as our help becomes 
trained we can fall into line under chosen leaders, and great good will follow. 

From another of the most northern States, President W. J. Chamber- 
lain, of the Iowa State Agricultural College, writes : 

I think there should be two general kinds of experiments, one for present or speedy, 
tangible results to justify the stations to the people, and one for results more remote 
in time, more scientific, more accurate, and less immediately tangible. 

Among the questions of special interest in bis State he enumerates : 
*' Hardy fruits for this climate and acclimating them ; '' *' the best modes 
of saving and applying manures and fertilizers ;" '* modes of planting 
aad tilling various crops j^' ^' the best varieties of corn, potatoes, oats, 
etc., for our locality 5 " adaptability of " celery, onions, and other high- 
priced (per acre) products to our soil and climate;" *Hhe value of en- 
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silage and other bulky fodders;" "best pasture and meadow grasses 
for cattle;" "various matters in feeding and dairying;" "best test 
for buying cream justly;" "best means of getting cream for private 
dairy and for creamery;" and various problems connected with feeding 
and dairying. 

President Lewis McLouth, of the Agricultural College and director 
of the experiment station of Dakota, sends a very interesting letter, 
from which the following are extracts: 

If we Ccin get the aid promised, and which, under Comptroller Durham's decision, is 
equally applicable to the Territories as to the States, we shall enter upon the work 
with all our energy. We have 400 acres of good improved land, with buildings^ 
tools, etc. 

The following are some of the experiments we are proposing to enter upon: 

Com. — To plant a plot of all the quick-growing varieties of corn we can find every 
day through May, and keep record of date, cultivation, the reaching of several stages 
of its growth, aud of its maturity, for the purpose of helping to settle the question of 
com culture for southern Dakota, the com season, and the kinds to plant. Wheat 
and flax have been nearly all the crops grown heretofore, until last season, when, 
much corn was planted and matured. 

Grasses, — We are going to try to identify botanically all the native grasses here, 
west to the mountains, and enter upon a series of trials to introduce the tame grasses 
and clovers. 

VegetahJes.—To try growth of sugar beet and many forage roots. To try to find the 
best tomato for our climate. 

Fruits. — To find one of our many native plums worth cultivating and improving^ 
and possibly the same for our native grapes. To try gooseberries, dewberries, black- 
berries, and raspberries. Gather information about the Russian and other hardy 
apples. 

Forestry, hedges, etc,— We shall endeavor to extend our knowledge of quick-growing 
trees for production and fnel and seek for a suitable hedge plant for fences. 

Stock.— 'We have small herds of Holstein, Friesian, Hereford, Polled Angus, and 
Short Horn cattle ; Shropshire and Merino sheep ; Berkshire, Jersey Red, and Poland 
China swine ; Clydesdale and Percheron horses ; and with these we are going to try 
to find out which are best for our cold climate, our pastures, and forage crops. 

Chemistry. — We propose to study by analysis our " alkali " lands and waters. 

Meteorology, — We are going to try to organize a local weather service with view ta 
protection against blizzards (many people were frozen to death last Thursday in one 
that came in ten minutes and in which the thermometer fell from 30^ plus to 30^ 
minm in six or eight hours), and by which we can determine mean temperature, rain- 
fall, etc. We shall test soil temperature as well. 

This is in brief outline what we have in mind as most immediately needed here. 
Onr climate is so unlike that of Minnesota, Iowa, or Nebraska that many of these 
things must be brought out here dtt novo. For example, we have 3 feet of snow with 
10 and 12 foot drifts and a mean temperature for the last six days of — 34° F., while 
the mercury has frozen two or three times. 

President McLoath adds in conclasion : 

I shall be pleased to get all the aid, information, and advice from the older stations 
possible, and we shall try here to do our work honestly and thoroughly. 

President B. L. Arnold, of the State Agricultural College of Oregon, 
sends " a few suggestions,'^ saying that others could be made, ** but 
they seem too obvious to need mention:'' 

(1) A collection of all well-established principles relating to agriculture should be 
made aud printed for the use of farmers. No doubtful principles should be incor- 



11 

XK>rat6d in sach collection^ only such as the colleges and stations all receive as true- 
Farmers do not know what to rely upon with certainty. I think that the farmers- 
might thus be brought to look to the colleges and stations as guides in agricultural 
principles. 

(2) I think it very unwise to publish accounts of experiments for general distribu- 
tion ; people do not generally discriminate between experimental facts and principles. 
Nothing should go from the colleges to the farmers but well-established principles. 

(3) There should be some means by which the exx>eriments of the several colleger 
and stations can be reduced to system and their value for the establishment of prin- 
ciples estimated. 

(4) Such graduates as devote themselves to farming might, perhaps, aid the col- 
leges and stations in the work of experiments. 

(5) It seems desirable that there be issued by the colleges and stations from time to 
time a bulletin exposing frauds in fertilizers, seeds, foods, machinery, etc., and giv- 
ing notice of anything new and useful to the farmer. In this relation a paper 
(scientific) representative of all the colleges and stations might be established under 
scientific editorship. 

(6) Oregon has to study: (1) How to render her wheat more nitrogenous; (2) nat- 
ural sources of fertilizers; (3) forestry; (4) drainage in special relations; (5) how to 
render her fruit-trees longer-lived ; (6) grasses and meadows ; (7) the relation of 
wheat raising to soil exhaustion, etc. 

The director of the Connecticut Station, Prof. S. W. Johnson, sub- 
mits tlie following : 

The Connecticut Agricultural Experiment Station necessarily devotes much of it» 
time to the analysis of commercial fertilizers and the various waste materials which 
are used as fertilizers. Attention is also given to the examination of feeding stuffs. 
The study of methods ot analysis and examination of soils, fertilizers, feeding stuffs^ 
and other agricultural products has also been a prominent feature in its work. The 
examination of suspected samples of butter for the State dairy commissioner has> 
been undertaken by the station in order that the law regulating the sale of Imitation 
butter might not become a dead letter. 

The definite lines of work which it will follow the coming season, with the aid of 
funds from the national Treasury, can not now be stated because they have not yet 
been passed upon by the board of control. 

The renovation and maintenance of pasture land, the most economical methods of 
raising, curing, and using the Indian-corn crop, the possibilities of the sorghum crop 
in this State, the economy of using undissolved phosphates in place of superphos- 
phates, experiments in feeding, in the rapid and accurate testing of milk or cream 
delivered at creameries, in the production of butter and cheese, and various horticult- 
ural matters, are all promising lines of inquiry in this State. 

The director of the New Jersey Station, Prof. G. H. Cook, suggests, 
the following topics as important in that State: 

1. Fertilizer control for protection of farmers. 

2. Laboratory methods as guides to farm practice. 

3. Sorghum : 

(a) Experiments on varieties. 
{b) Fertilizers adapted to \U 

(c) Times of maximum and minimum contents of sugar, 

(d) Its ecooomic manufacture. 

(e) Planting and tillage. 
(/) Effect of frost. 

{g) Preservation of cane. 
, (A) Replacing of maize as a farm crop. 
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4. Fruits: 

(a) Growing healthy peaches and peach treee. 

(b) Diseases of grapes, grape yinesv leaves, and roots. 

5. Soils : 

(a) Calcareous soils and their relations to cruciferous plants. 

(b) Means of changing hygro-iDetric condition. 
(o) Relation of earhon or humus to vegetation. 

6. Milk: 

(a) Production. 

(6) Variations from feed and care. 

(c) Economical feeding. 

7. Cranberries: 

Helps to their snccsssful growth. 

8. Sweet potatoes: 

Investigation of their diseases. 

The fertilizer control is exercised by the State station, which has 
also stadied a number of the qaestions cited and has done much to 
interest farmers and secure their co-operation through field experiments 
with fertilizers, carried out under the direction of the station \>y socie- 
ties and individual farmers in different places in the State. 

Prof. F. D. Chester, of the Delaware College, considers that — 

The work of the stations should he specialized as far as possible, each etation 
having in view the dominant agricultural interest of the State in which it is located* 
If any station can choose any one questioDi or lintited nnmher of questiona, it will 
accomplish more than by frittering its energies over the whole field of experimental 
agriculture. 

He suggests the desirability of considering, in the annual convention, 
the needs of the respective stations and the proper distribution of the 
questions for study. In Delaware "our chief interests are horticultural 
and our experimental work must lie largely in that line." Among the 
individual matters demanding attention is the testing of new varieties 
of fruit for acclimation. 

The subject of plant x>athology should be made a special feature of our work. One 
of the first questions which we shall undertake (and let me urge the co-operation of 
other stations), is the study of the disease of the peach known as ** yellows. '^ We fear 
that in this section our prided peach-growing interest is destined to rapid decline 
unless some check can be put upon the wholesale destruction of orchards from this 
malady. The entire question of the wide-spread deterioration of orchard trees, from 
one cause or another, is a subject which now demands serious attention. a * * 
I would also suggest the carrying oat of systematic lines of experimentation ot track 
farming. Fertilizer experiments of the nature of those so frequently made in cereal 
culture would be most profitable. The same experiments should be extended to small 
fruits. 

Professor Chester makes two further suggestions that are wOTthy of 
consideration. One has to do with the securing of the interest of the 
farmers. For this purpose he recommends that the station officer of 
the stations meet them at farmers' institutes in different parts of States. 

* * * The work, present and prospective, of the stations could (in this way) be 
brought directly to the farmer. 

His sympathy can often be obtained in this way as in no otbear. The 
other suggestion has to do with meetings of the workers of the stations. 
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Besides the annaal conventioD, in which general matters are discassed^ 
Professor Chester asks: 

Would it not T>e to the advantage of workers in special lines of research to meet at 
the same time and place, whether delegates or not, in sections for discussion of mat- 
ters of purely technical interest ? 

President E, M. Turner, of West Virginia University, suggests that 
experifflents on the breeding and feeding of animals and on dairying 
woaM constitute the natural work of the station in that State. Con- 
nected witli this would be experiments on grass as herbage, and for 
winter feeding as hay, and the kinds of soils that suit them best. He 
adds: 

I believe a lMrgei>art of oar work ought to consist, for several y^ears, in having ex- 
periments made in several localities as object lessons. 

At the time of this writing there had been no attempt at organization 
of a jstation, and President Turner was of the opinion that it would be 
be&t to ^^ hasten slowly, and not to appear too anxious to spend the 
looiiey that may be plaeed at our disposal." 

The director of the Ohio Agrioultaral Experiment Station, Prof.O. E. 
Thome, writes as follows: 

While tfae nomber of questions that piress for solution is very great, there are three 
principal iises of iaqniry that seem to me to demand the first attention of the Ohio 
Station. 

Official statistics show that Ohio farmers are paying ont nearly $750,000 annually 
for commercial fertilizers to be used on the wheat crop alone. No ooe who is familiar 
with the conditions of agriculture in Ohio can doubt that much of this money is un- 
wisely «pent, a>nd here therefore opens a field in which the experiment station may 
do work that may not only be made immediately available in convincing the farmers 
of the State that their interests are identical with those of the station, but may also 
afford the best opportunity for further research into the ansolved problems of soil 
fertility. I believe that, to accomplish th« greatest good, these fertilizer experiments* 
should be carried on — ^aA ttie central station, at least — ^in two parallel lines ; in both 
lines fertilizers of definite constitution being applied ooutinuously to the same plots 
of land. In the one case these plots should be planted continuously to the same 
crops, and in the other the plots should be cultivated nnder a Judicious rotation of 
crops. 

The production of meat is an industry whose importance ranks next, among Ohio 
farmers, to that of cereal crops ; but in meat production, as well as in cereal produc- 
tion, there is urgent need that greater economy should be studied. That the de- 
mands of the market in respect to meat are changing there can be no doubt; the 
excessively fat meat that brought the highest prices a few years ago is now taking 
a subordinate position; it is nitrogen, not carbon, that is demanded by our nervous, 
hard-thinking, hard-working age, and how to furnish this nitrogen in largest quan- 
tity and most palatable form is a problem that may well engage the attention of 
every experiment station in America. 

The third line of investigation which seems to me most imperatively demanded in 
Ohio is horticultural. It has been many years since Ohio has had a full crop of ap- 
ples. Not only are our old orchards failing through decrepitude, but over a large 
portion of the Btate young orchards die before coming to maturity, or fail to bear 
remunerative crops when mature, and this evil is not con6ned to Ohio alone. To 
discover a practicable remedy for this state of affairs would be well worth the ex- 
penditure of the entire sum granted to the States fox experimentation. 
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These questions are suggested as specially needing attention in Ohio; but it seems 
to rae that they are of scarcely secondary importance in most of the other Statei 
The conseryation of soil fertility especially is a problem 'towards whose solution onl; 
the first 8tex>s have been made ; it is a problem that concerns every State, and it is 
oneVhich not only offers special facilities for co-operative work, bat in which snch 
work is especially demanded. 

The one suggestion I have to make in reference to the general conduct of the sta* 
tions is that the idea that there is any call, occasion, or excuse for the performantt 
of any work, by any station, that is not thoroughly scientific should be at once and 
forever diAmissed. There can be no greater nor more fatal mistake than the preys' 
lent idea that it is necessary to descend from science to empiricism in order to gain 
popularity with the farmer. No test of the laboratory can have any truly scientific 
value unless its results are applicable to the conditions of field and stable, and this 
application is a work as truly scientific and requires as high an order of ability as 
that required for success in the laboratory. The one test of scientific work in agri- 
cultural experimentation is practicability, and no man more surely applies this test, 
nor more quickly appreciates its demonstration, than the American farmer. 

In speaking of field experiments with fertilizers, Professor Thome asks: ''Oagbt 
not those of us who expect to be personally engaged in this work to hold another 
meeting before spring, in order to more thoroughly discuss the practical side of th« 
question than was possible at the Washington convention." 

In a later commanication Professor Thorne writes as follows: 

The questions requiring investigation by the Ohio Agricultural Experiment Station 
may be divided into three principal groups, viz : (I) Those relating to the soil ; (II) 
those concerning the growth of crops and vegetation, and (III) those relating to the 
€are and management of domestic animals. 

I. The soil should be studied — 

(A) In its varieties, as found in different parts of the farm or State ; 

(B) In its physical properties, as affected by drainage, methods of tillage, etc.; 

(C) In its chemical properties, as related to the problem of maintaining fer- 

tility. 

II. In vegetation some of the objects of study will be — 

(A) Varieties, the problems being — 

(1) Selection and dissemination of improved sorts; 

(2) Establishment of synonyms; ' 

(3) Comparisons of "strains" of varieties; 

(4) Production of new varieties. 

(B) Methods of culture, embracing — 

(1) Quantity of seed ; 

(2) Methods of planting; 

(3) After culture ; 

(4) Effect of fertilizers upon quality of produce. 

(C) Vegetable pathology. 

(D) Insect control. 

(E) Forestry, embracing the culture of forest trees — 

(1) For ornament; 

(2) For wind-breaks; 

(3) For timber; 

(4) For outs and incidental products. 

III. In the study of animals some of the problems will be — 

(A) Breeds, and their comparative value for different purposes; 

(B) Foods and feeding — 

(1) For growth; 

(2) For the production of meat ; 

(3) For the production of milk. 
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In addition to the foregoing the station will be expected to perform some general 
'work for the farmers of the State in the identification of plants and insects; in giv* 
ing information on the control of insect pests and plant and animal diseases; in the 
testing of seeds, and in suggesting means for the amelioration of refractory soils. 

In the execution of this work the studies of the soil and of vegetation will be con- 
"dacted along the parallel lines of agriculture and horticulture, the experiments being 
planned, as far as practicable, to elucidate problems in both these lines, yet each 
should constitute an independent department, with a separate outfit of employes, 
teams, and implements. 

President J. H. Smart, of Purdue University, Indiana, makes the 
following suggestions : 

1. In attempting to co-ordinate the work done by the various stations it is cour 
ceded that we ought to know what has been accomplished. It has been also sug- 
gested, I think, that we ought also to know what is being accomplished. Should we 
not, in addition to this, hav^e some means of knowing what is being attempted f If 
you, for example, are at work on some special line of investigation, is it not possible 
that others not specially engaged in that line of work might be able to pick up a good 
deal of information incidentally that would be of use to you ? 

2. Should there not be a careful indexing of all the valuable literature upon the 
tjubjects which will naturally interest investigators connected with experimental 
stations ? And could not a scheme be devised by which the iudexing could be done 
in a very short time, by assigning certain subjects or divisions of the work to certain 
men ? Some of our men would undertake our share of the work at any time. 

President Selim H. Peabody, of the University of Illinois, writes : 

In many respects the experiment stations will naturally and necessarily be unlike. 
I think it well that they should be, in no inconsiderable degree. The work, if adapted 
to the several States where they are situated, will be different. The first point, I 
suppose, to be settled when a manufactory is to be built, is to determine what is to 
"be manufactured, whether lace, pins, sugar, or horseshoes, and the nature of the prod- 
xict sought will determine the entire line of appliances, even to the motive power of 
the steam-engine. 

We shall not ask how to build and equip a laboratory, because, first, we have one 
entire floor of a building 75 by 125 feet, with heat, water, gas, and electricity at our 
command. When we have worked up to that capacity we shall have learued what 
"we want, and how to provide the needful equipment. * * * 

We shall probably attack some of these questions, as those which we think will 
most nearly concern and most especially interest the farmers of our State. I shall 
not attempt to put them into any order of consequence, for I do not think we have 
quite determined that for ourselves, except to say that the animal husbandries will 
take a very prominent place. 

(1) Study of the soils of the State ; physical properties ; chemical constitution ; in- 
fluence of drainage upon both. 

(2) Agricultural field experiments. Testing of seeds ; testing of varieties ; produc- 
tion and improvement of varieties ; all circumstances of planting and of fertiliza- 
tion; natural and commercial fertilizers, and the utilization of products now wasted ; 
-especially all circumstances influencing the culture of Indian corn ; afterwards other 
grains and grasses. 

(3) Cattle feeding. Careful experiments upon varieties of foods; of breeds; of 
ages for flesh, fat, milk, butter, and cheese. The scope of this work is very broad. 

(4) Fruit culture. Important questions are pressing in this field. Our orchards 
are perishing for lack of moisture, or nutriment, or proper treatment, or all combined. 
Other fruits, as plums, grapes, small bush fruits, and berries, afford many questions 
ior investigation. 



16 

(5) We have niacle the fbugus iliseases of pleats and bacterial forms of disease in 
all fields sabjects of mack stady, which will be continued. Diseases of animals maj 
be considereil as they arise. 

We are particularly situated as to Mitomology. We ha^e at mir nniversity the 
State laboratory of natural history and the office of the State entomologist. It will 
not be wise to dnplicate this work. We shall take some subjects off his hands, and 
shall probably turn over to him all the work which strictly belongs in his field. 

When we have organized lines of work in some or all of these fields we shall then 
see how they will of themselves bifurcate, and what others may bo added. We pro> 
pose to begin moderately, carefully, and to move no further nor faster than we can do 
intelligently. 

From Kansas, President George T. Fairchild, of the State Agricult- 
ural College, sends the following communication : 

According to promise, I now offer a few suggestious, as requested in circulars of 
October 19 and January 1. A committee of our faculty having agreed upon certain 
pveliminary facts and opinions, we make the following suggestions as to — 
I. Mutual aids to successful work : 

(1) General plans of organization, with various modifications, and some detail 

of division of duty. 

(2) Suggestions as to buildings and apparatus suitable for definite purposes, 

means of obtaining suitable tools and apparatus. . 

(3) A settlement of general nomenclature for certain lines of experimeuts, 

with a clear explanation of terms. 

(4) A general scale for experiment, size and shape of plots, size of pens, num- 

ber of animals, quantities of seed, by weight or measure, etc. 

(5) Selection of experiment, strictly scientific and generally practical, for 

trial at all stations under definite conditions at the same time. 

(6) Uniformity of tabular statements of similar tests. 

(7) Uniformity in style of bulletin for binding and filing and compiling. 

(8) Settled basis for partial reports of experiments in progress. 

(9) Concerted action in distribution, as to extent of circulation and methods. 
(10) Concert of action as to special information, access to reference books or 

large libraries, subject indexes, etc. 
II. Organization : Our preference here is — 

(1) General control of regents of the college by usual quarterly meetings. 

(*2) Special direction by organized council of members of the faculty directly 
interested, viz, president and professors of agriculture, agricultural 
chemistry, horticulture and entomology, biology, and domestic econ- 
omy. This council should have frequent and regular meetings, and 
the presiding officer should have general executive authority. 

(3) The special work apportioned to separate departments, with careful esti- 

mates fur equipment, supplies* and assistance. Assistants to be strictly 
subordinate in duty and position to the several heads. 

(4) Reports of the departments to be to the council, with special settlement 

of modes of compiling and publication. 
(.")) Accounts, to be a distinct department of the books of the college secretary 

and treasurer, with vouchers audited by the regents quarterly. 
(6) The treasurer of the college to be treasurer also of the experiment fund. 
III. Lines of experiments : 
(1) Agriculture proper : 

(a) Selection and development of drought-resisting plants, fodder, grains, 

and grasses, 
(fe) Cultivatiou (various modes, adapted to climatic conditions over the 
State) of grasses and clovers for hay, pasture, and soiling. 
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in. Lines of experiment — Continued. 

(o) Results of cutting corn of different varieties at different times or stages 
of growth, as to valae of crop — grain, stalks, and both. 

(d) Ensilage, forms of silo, best matter, best methods of filling, best hand- 

ling. Results of feeding it, for milch cows, growing stock, and 
full-fed beeves. 

(e) Full feeding, cattle and swine, for quality and quantity, gross and 

net. Kinds of feed : Grain whole or ground for absolute gain and 
for relative profit. Effects upon digestion of various forms of feed 
and various treatment. 

(2) Agricultural chemistry : 

(a) Laboratory tests for sources of plant food. 

(6) Effects of combination of plant food. 

(c) Investigation of natural sources of ammonia and other plant foods. 

{d) Treatment of alkali lands to bring fertility. 

(e) Development of the sorghum for increase of crystallizable sugar. 

(/) Supplemental analyses in the harvesting, curing, and feeding exper- 
iments under agriculture, and for others in horticulture, biology, 
and domestic science. Credit for such work to be given in the 
reports of the several experiments, with a summary in the annual 
reports of the chemical department. 

(3) Horticulture and entomology : 

(a) Acclimation of plants suited to special climatic conditions of different 
parts of the State. 

(6) Origination of plants for similar ends and careful breeding by selec- 
tion. 

(c) Special modes of culture for resistance to extremes of heat and cold 
and to drought. 

((!) Orchard drainage and sub-irrigation. Orchard manuring, etc. 

(e) Lawn culture under special conditions. 

(/) Forestry — new sorts and combinations for this climate. Modes of 
planting and culture. 

(j) Economic treatment of injurious insects by mechanical means or 
poison. 

(%) Propagation of natural enemies of injurious insects, parasites, and 
diseases. 

(4) Biology : 

(a) Parisitic plants — distinctive forms, culture, destruction, prevention. 
(6) Germs of disease in animal life — ^forms, development, culture, de- 
struction, prevention. 
(The exact forms to be studied first have not been decided upon.) 

(5) Domestic economy : 

(a) Food preparation as to nutriment, economy of materials, and preser- 
vation of flavors. 
{b) Food preservation — fruits, meats, and vegetables, 
(o) Dairying — butter-making, handling milk, temperature, churning and 
separating waste products; cheese-making, methods in making, 
curing, and storing; forms, flavor, color, etc. 
(These are not all mentioned in the act, but are included by inference.) 
In conclusion let me say that I have risked the somewhat full outline above for your 
scrutiny, hoping that an equal frankness elsewhere may reciprocate to our favor. 
Many thoughts, even if some of them are crude, can not but result in good to all. 

In nearly all of the lines above suggested we have work already in progress and 
have experienced men at the head of each of these departments, so that we feel ready 
for fall work as soon as means for extension of our plans are available. 
22311 A C 2 
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A letter from' President C. L. lugersoll, of the State AgricultHr*! Col- 
lege of Colorado, is particularly interesting from the n^w problems 
which it suggests. In view of the great size of this State, and the nat- 
ural division into some five well-defined regions with different demands, 
its legislature has provided for four sub-stations. These, with the one 
(Jirectly copftected wifh jbhe CjoUege tp which they are tributary for sci- 
entifi^G work performed, make virtually oae station for each of the five 
divisions of the State^ For each of these 200 or 240 acres of land has 
been set apart. 

Heretofore the board of agriculture hs^ye speut conaiiders^ble ipou^y pa experiments 
from the State fund. It is proposed to use the State fund to enlarge our buildings and 
equipment and to aa^vvy Qn the spbool, and the United States (agripultural college 
land grant) fund for salaries^ ^nd the Hatcb-biH fund for experiments purely. 

The questipps th^t will first dejnand attention of the station are climate and water 
control aud use in irrigation. The great iramediat.e question is the rain-belt, which 
9PIp^ assert \^ moving westward, ^nd wilj allow the farmers in the eastern 100 miles 
of our Sji^jbjB tP raise gppd crpps without irrigatioi^. W^e haye established meteorologi- 
cal ^tatiops at five ppiuts outside our cpllege, and obtain the reports from about as 
many more stations. From their records, as time goes on, we hope to develop some- 
thing. The great question of irrigation just now is water control and distribution ; 
this is supplemented by ^Hhe duty of water." Thp college h£^s already taken up the 
latter question. 

Further demands upon the station wiU be tp determine the ad£kpt^.bility of grain- 
grasses, root crops, and other plants which may be grown in that latitude, aud the 
mopt economical methods of growing such crops without irrigation. *' Fertilizers we 
have but little to do with yet, but we shall move in the matter very soon, as there 
are two or three manufactories of bone phosphates, gypsum mills, an^ the like. The 
acclimation of various fruits, gr^in^t ^r^sses, etc, a^d jtheir distribution" also calls for 
experimental inquiry. Ip additioju to the «T.boye ^re ^ number of questions of interest, 
such as, "What do rain and irrigation, con^b.ii^ed and separately, do for the land by 
^ay of fertilization! WJi^t sh3»U ^^ (}o wijih *^Jl^aU flats T Do^§ tile drainage 
promise relief, partial or complete t What crops, if any, can be grown upon such 
lauds before g-nd ^fter imprpyement ? Ppes the 9.eepp,ge pf l^nd cpn;atantly irrigated — 
i. e., for a series of years — perceptibly raise the brooks ^nd streams, and, if so, how 
much? * # » The great fcrage crop alfalfa creates a new fa.cto^r in tl|e feeding 
problem,, \fhich ^ill call fpr pljemic3il analy^pfl and accurate feeding experiments. 

* * * Then the^e ape the boet-sugar ^ui sjprgbum-cape questipn^ for us, espe- 
cially in Arkansas Valley. * * * Corn h^ts ouly been introduced and raised in pay- 
mg crops within the pa^slb i^ix yegrs in thi^ p^rt of the State. Now every farmer 
raises some. It is a great clearing crop for the soil, tP ge.t pd of Weeds. * » * 
The field here is an interesting ope in which i^q wor^, apd I sh^U heartily co-operate 
as far as I am able." 

From Nevada Dr. Le Boy D. BrouB, president of the State Univer- 
sity and director of the Agricultural Experiment Station, gives the fol- 
lowing list of questions as of special interest in that State : 

(1) What varieties pf apples and cherries ape be^t adapted to central and western 
Nevada ? * 

(2) What grasses, besides ^Ifalfa, will c^o well in Nevada ? 

(3) What varieties of wheat and other cereals are be^t suited to Nevada ? 

(4) Are there any new crops not rsiised in the yrestern part of the United States 
that would probq.bly prove to be remunerative in Nevada 1 

* We have from 11 to 12 inches annual rain-fall and an average annual temperature 
of about 54° Fahrenheit ; frosts in October and early part of May. 
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Dr, H. B. Battle, director of tbe Iforth Carolina Agricultural Experi- 
ment Station, after premising that the enterprise is intended to benefit 
agriculture and the farming class as a whole, and that in each State 
the work should be such as will advance the interests of the agricultural 
clas9 in that St^te, and must therefore be varied to meet the needs of 
the different sections, says: 

As a rale, especially in the cotton Skates, these needs, in my opinion, can best be 
filled by an influence educating in its character— by teaching the people the knowl- 
edge they most lack in the proper conduct of their farming operations. 

This can be done by disseminating information obtained best by work in the dif- 
ferent States (for results obtained in this way will have more weight with the people) 
and through information from any other source, if this can not be done. 

This work should include that which would prove the most practical, and give the 
most immediate relief, as far as possible, to the farming class. This opinion^ as given 
in the last sentence, is shared by a number of our representative farmers in various 
portions of the State with whom I have corresponded on the subject, and I have every 
reason to believe that it is held by all of our people. 

It is not my idea that the purely scientific work, which would not bring quick re- 
turns, should be excluded, but thait it should at present — until the masses are ready 
to digest them — be si^bordinate to that more practical in character. 

With this preface the foUowipg plan for experimental work more especially adapted 
to this State will be better nuderstood: 

(1) The effect of fertilizers on various soils and.crops, carried on in conjunction with 
the experimeut station by individual farmers throughout the State. 

With such diversity of soil and climate as this State posesses this is a necessity to 
obtain results of value. 

(2) The best 9y«tem for rojtation of crops and the effect of the time of planting of 
each. 

(3) The best treatment of worn-out lands to render them productive. 

(4) A study of the cnltivatiou of the staple crops, looking to the improvement of 
the present system. 

(5) The utilization of waste farm products in the manufacture of fertilizers and 
composts and the examination of the natural products for the same object. 

(6) Investigation as to the growth of crops other than those now planted, to ascer- 
tain if more valuable crops might be substituted, in part or in \^ hole, for those we 
now have. Such investigations might include, among others, the study of sorghum, 
as to the best practical plan for planting, gathering, expressing, and utilizing the 
juice; the growth of root crops; the growth of plants yielding fiber, such as ramie 
and jute, and the best plan for preserving the fiber ; a study of the various grasses of 
value, to ascertain how far the raising of hay can supersede the planting of cotton 
and other staple crops so exhausting to the soil. 

(7) Experiments relative to the feeding value of various forage crops grown in this 
locality, also of the grasses now grown or supposed to be grown in this State, and to 
instruct our farmers in the value of the various hays and grasses, of the nutritive 
value of each^ and to determine, from the analysis of the plants grown in this lati- 
tude, the proper ration for breed and fattening cattle. 

(8) The construction of the silo, the preservation of green forage crops as ensilage, 
an# t&e coqiparative merits pf the latter and forage in the dry state. 

(9) Digestion experiments with milch cows, and the amount of milk obtained, with 
the chemical analysis of the same. Also digestive experiments with other stock. 

(10) A study of the temperature of the soil, to ascertain how far it affects the growth 
of the crops. 

(11) Meteorological observations in conjunction with the various work carried on 
in other lines of investigation. 
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\ 12) Investigation of the chemical constituents of the standard crops in the varioas 
stages of their growth — of cotton, corn, and tobacco j and the growth of the roots of 
these crops as determined by root-washing. 

A few of these have been partially carried on during the past few years and are 
now in progress. 

The list might be largely increased; for the subject is an immense one, and fruitful 
with possibilities for good in every section throughout our State. I have merely given 
these experiments as types of the work which, in my opinion, should be undertaken. 

From Alabama two replies have been received, one from President 
Le Eoy F. Broun, of the Alabama Polytechnic Institute and Agricult- 
ural and Mechanical College, and one from Prof. J. S. Newman, of the 
experiment station connected with that institution. President Broun 
writes that — 

With us the questions that demand the most attention are, to restore and maintain 
the fertility of the soil, and do this with profit to the farmers and economy of animal 
feeding. 

Among the minor questions are those of ensilag<i and cotton seed as 
an article of food. Professor Newman says : 

In the organization of the stations there should be a thorough classification of work 
to be done, and specialists should be placed in charge of each division. * * * 

The work should be classified as investigative and demonstrative ; the first to dis- 
cover truth ; the second to prove that already discovered but not generally recog- 
nized. This classification should apply to each division. These divisions should 
embrace botauj^, entomology, and ornithology, microscopy, chemistry, animal indus- 
try, pomology, etc., corresponding roughly with the divisions of the United States 
Department of Agriculture, with which close relationship should exist. 

There should be provision made by which the director could either go or send a 
chief of a division to any part of the State for the purpose of collecting or impart- 
ing information. We can never educate the people up to a correct conception of the 
proper work of a station without hiore or less personal contact with them. 

Co-ordination of work, except in the investigation of general laws, will not be 
practicable unless isothermal lines are roughly followed in arranging the concurrent 
work. 

Mr. S. W. Tracy, recently appointed director of the Mississippi Ag- 
ricultural Experiment Station, in connection with the Agricultural and 
Mechanical College in that State, writes: 

Among the questions of most importance to us in the South are : 

(A) What is the best ration for milk and for beef— cotton seed to be a leading com- 
ponent ? 

(B) What can be mixed with cotton seed in feeding milch cows to prevent the 
^'tallowy" texture of the butter which follows a too free use of the cotton seed? 

(C) To what extent can the silo be made profitable south of 35° ? 

(D) What is the best method for renovating the worn-out and unproductive cotton 
lands ? 

(E) What is our best crop rotation, cotton to be grown once in three years. 
There are two points upon which I think it very desirable that station managers 

should agree, viz : What is the best size for experimental plots, and how far must 
such plots be separated in fertilizer and other similar tests? Also, in observing soil 
temperature, at what depth should the thermometer be placed ? 

Among the questions of general interest are : 

To what extent should the station be used for making field tests of commercial fer- 
tilizers ? 
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To what ex-tent should the st^tLon take part in the farmers* institutes, fairs, and 
similar work i 

Will it he better to publish small monthly or quarterly reports, or more complete 
anoual reports ? My own preference would be for the latter plan. 

It is of great importance for us to have information of what has already been ac- 
complished at other stations, but of course we can not all secure full sets of reports. 
Would it not be a legitimate expense for the stations to unite in the employment of 
some one to collate, abstract, and publish the results accomplished up to the present 
time? Might we not induce the Department of Agriculture to do this? 

Prof. Albert E. Menke, director of the Arkansas Agricultural Experi- 
ment Station at the Arkansas Industrial University, writes : 

The farmers in the central and southern portions of this State are interested chiefly 
in cotton ; those in the northwestern part, in fruit and stock. There is some stock- 
raising in the southwest, but not much outside of a few counties. I intend to have 
work done in the three sections, as the climate, etc., varies considerably. 

Prof. George W. Curtis, of the Texas Agricultural and Mechanical 
College, reports a number of questions as calling for study in that 
State. Among these are- 
Soil studies, including tile-draiuage, absorption and retaining of ammonia by our 
sub-clajs, etc. 

Experiments with fertilizers of all kinds. 

Experiments to test, through a long time, the loss and injury to soil by grazing. 

Feeding experiments to decide the value of foods, cooked aud uncooked; of cotton- 
seed and cotton-seed meal, and the best way of preparing cotton-seed for feeding ; 
and of other fodder products, native and purchased. 

Testing varieties of cereals, grasses, cotton,- ramie, jute, etc. 

Sorghum for fodder and for sugar. 

Acclimating (or Texas) fever. 

Professor Curtis urges the need of a "central station at Washington 
which should condense from and compare bulletins and edit and pub- 
lish an annual bulletin for free distribution.'^ 
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The perusal of these letter^, supplemented by persoDal conversation 
and correspondence with gentlemen interested, leaves several quite 
clear impressions. One is, that neither the questions to be studied lior 
the methods for their investigation are definitel^^ decided upon in most 
cases. This could not well be otherwise at a time when even the funds 
for the work have not been positively assured b^' Congress, and but a 
small number of stations are actually organized. Doubtless many of 
the gentlemen to whom the circular of inquiry was ad<lressed will sym- 
pathize with one of them, a college president, who, in writing of ques- 
tions for investigation, says: '^l have had n© time to bestow thought 
upon the subject.'' Indeed, it would be difficult for the director of any 
station to say in advance just what his work was to be, unless previous 
experiments had led it into very definite and special lines. Except in 
a few cases, where stations have been established for some time, the 
enterprise is in its formative stage. The character of the work is to be 
developed. But these statements, incomplete as they are, are the first 
step toward that mutual understanding which will be most helpful for 
the advantageous planning and co-ordination of the work. 

Another impression is that, with the diversity of condition^ under 
which the work of the stations is to be done, there is a notable unanim* 
ity of opinion with reference to its general character and spirit. It is 
felt that the work must be truly scientific and truly practical, that the 
questions which are of the most interest to the farmer must be selected, 
and that they must be studied in the light of the most advanced knowl- 
edge. The views regarding details are diverse, as would be expected. 
There is a quite general call for condensed statement of what is being 
done by the stations and a number wish to know specifically in advance 
what the others are proposing to do. The desire for compilation of 
methods and results of work alreadv done in this direction in this 
country, and especially in Europe, is earnestly, though less frequently, 
expressed, and those who are most familiar with that work are the ones 
who lay the most stress on its being made available to our workers, in 
order that they may avoid useless repetition of work already done and 
avail themselves of what is known as to what is most needed to be done 
and how to do it. 

There is the solicitude lest the inevitable crudeness of the enterprise 
in its early beginnings may involve waste of energy and money, disap- 
22 
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poiutmeut to its promoters, Jtnd future loss Of support. But over 
against this are the earnest desire to do what is best, the alertness in 
seeking information, the readiness to use the aids that can and ought to 
be made available, and the American facility for gtasping new ideas 
and accomplishing what needs to be done. 

While th6 interest of some of the topics is confined to individual 
localities, and while some of those which extend over broad areas are 
80 affected by local circumstances that the results obtained in one case 
may not apply in another; yet, on the other hand, many of the ques- 
tions, including the most important ones, cover wide areas, or the whole 
country, and are everywhere more or less nearly the same. Strictly 
co-operative research is not in all cases either feasible or desirable; in- 
deed, the major part of the work of the stations will be best done in 
accordance with the enlightened plans of individual specialists. There 
are, however, lines in which union of plan and effort will increase the 
value of tesnlts while diminishing both the cost and the time of pro- 
duction. 

Atiiong the matters of importance in this connection, there is one 
which, in the judgment of the committee, demands particular consider- 
ation. It is the need of means for making the results of accumulated 
experience conveniently available to the stations and their workers. 
In entering upon the study of a given problem it is essential to know 
not only what has already been found out, but in what direction further 
inquiry can best be prosecuted and what experience has to say as to 
the ways and means. This is, at the bottom, merely the assertion of 
the obvious principle, that the first condition of successful research is 
full knowledge of what has been done. 

Some of the problems proposed for study, especially those in the 
newer stations and territories, are comparatively new, but the majority 
are of essentially the same kinds that have been engaging the attention 
of experimenters for many years. Such are those connected with the 
chemistry and physics of the atmosphere and soil; the exhaustion of 
the soil and the restoration of its fertility by tillage and manures; the 
composition of plants and their adaptation to different localities and 
conditions; the feeding of animals, the production of milk, butter, and 
cheese, and other matters connected with the dairy; the diseases of 
plants and animals, fruit culture, and numerous other subjects. To one 
familiar with the history of this sort of research it is interesting to note 
how many of the problems suggested for study by the different stations 
are nearly or quite identical with those with which work of the exper- 
iment stations was begun when the first ones were founded over thirty 
years ago, and how large a proportion are in fact the same that have 
been the object of the bulk of the study of these and other institutions 
of research in this country, in England, and to a far larger extent on 
the continent of Europe, for half a century. 
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A large number of the stations will necessarily labor ander the dis- 
advantage of inexperience. In other countries the growth of experi- 
ment stations has been gradual, and new ones have been established no 
faster than skilled experts were ready to man them ; but in this country 
the enterprise is being enlarged suddenly and to an extent previously 
unheard of. The difficulties which the newer stations have to meet 
from this source are enhanced by the fact that nearly all of the accumu- 
lated experience is recorded in foreign literature, and accessible only to 
those who have at band the great accumulation of journals and other 
publications in which the results of earlier and later research are set 
forth. 

The committee are strongly of the opinion that one of the most use- 
ful services to the cause would consist in the compilation of the main 
results of this research in various special lines and the putting of them 
not only into English but in forms conveniently suited to the use of the 
American investigators. This service would be appreciated as warmly 
by those who have long endeavored to follow up the literature and are 
constantly and painfully reminded of their inability to keep themselves 
well posted in its details as by those who have paid less attention to 
them. 

Although the first agricultural experiment station was established 
about thirty-five years ago, the number of European experiment sta- 
tions and other institutions in which experimental research of interest 
to agriculture is being actively Cjarried on is not now very far from one 
hundred. The natural outgrowth of this large amount of research has 
been the collating of results in various journals, memoirs, and other pub- 
lications. One of these is the ^^Jahresbericht der AgrikulturCheniie,^ 
a yearly record of work 'u agricultural chemistry and kindred branches 
of science. This was begun in the year 1858, and the volume for that 
year has 258 pages. The twenty- ninth volume, that of 18FC, has 638 
Images. This increase in size is very far from measuring the increase in 
the amount of work per year during that period, since in the later vol- 
umes the reports of investigations are much condensed, and many are 
of necessity referred to only by title. This work is edited by Professor 
Hilger, of the University of Erlangen, and ten associates, who are able, 
by dividing up the current literature between them, to make brief ab- 
stracts of the more important investigations which are continually ap- 
pearing. The table of contents of the volume for 1886 fills 32 octavo 
pages and includes 1,215 titles, each the subject of an investigation of 
one kind or another. The subdivision of topics and the number of titles 
under each are as follows: 

Soil 47 

Water 39 

AtmospLere 20 

The plant : 

Ash aualyses 7 

Vegetation, seeds, germination, assimilation, metabolism, nutrition 61 
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Plant culture : 

Grains, potatoes, roots, fodder plants, weeds, etc 86 

Diseases due to animal and vegetable parasites and other causes 114 

Manures: 

Preparation, analyses, effect in field, and other experiments 56- 

Vegetable chemistry; 

Compounds found in plants 218 

Methods of agricultural chemical investigation 17 

Animal production : 

Feeding stuffs: analyses, conservation, preparation, including ensilage, etc. 246 

Animal chemistry : Compounds found in organs, tissues, secretions, etc.... 131 

Experimental investigations in chemical physiology 52 

Metabolism, nutrition, feeding and care of domestic animals ()5 

Bee, fish, and silk-worm culture 1 3Q 

Dairying: 

Milk, butter, and cheese 66 

Total 1,215 

The number of titles in these several subdivisions, however, does not 
accurately indicate the relative amount of importance of the investiga- 
tion in each of the general subjects. For instance, an experiment or 
series of experiments upon a given question on the feeding of animals 
may occupy three or four men for six months and be reported under 
one title, while a half dozen other investigations, which together would 
cost only a fraction of the labor, would be reported under as many 
heads; or a single investigation might include analyses of a number of 
different species of plants, and the results obtained from each species 
would be indexed by itself. But the volume, as a whole, does give an 
idea of the range and character of current investigation during the 
year 1886 in the lines reported upon. Of course this year-book of 
agricultural chemistry does not cover the whole -field of agricultural 
science, and there are some important subjects germane to the work of 
experiment stations even in chemistry and allied sciences which it 
touches upon only lightly, as they are included in other works. Such 
other compends are the Jahresbericht der Thier-Chemie, which is con- 
fined exclusively to physiological chemistry, and the Vierteljahresschrift 
der Ghemie der Nahrungs und Oenussmittelj which is devoted to the food 
of man, and other like publications. 

The specialization of research is already leading to the compilation 
of monographs on particular subjects, in which the methods and results^ 
of investigations up to the time of publication are summarized. One 
of the most important of these is the volume by Professor Wolff, Die 
Urndhrung der landwirUchaftlichen Nutztliiere^ which gives a r6sum6 
of the work on the feeding of domestic animals. Being written by one 
of the most prominent of modern agricultural experimenters, and one 
who has devoted himself for years to work in this especial field, this 
compilation, which makes a work of considerable size, is, of course, ex- 
tremely valuable. Another monograph, and one of a different char- 
acter, is by Baron von Bretfeld, entitled Das Versuchsicesen auf dem 
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Oehiete der Pflanzenphysiologie mit Bezug auf die Landivirthschdft. This 
volume of 264 octavo pages is devoted to the subject of experiiiieuts on 
the growth aud nutrition of plants with reference to their agricultural 
production, aud for this purpose gives a brief r^sufn^ of the present 
status of knowledge of the several topics treated, descriptions of the 
methods and apparatus uS6d in experimenting, and discussioris of tlieir 
relative advantages for their purposes. Germination, respiration, as- 
similation, and evaporation of waiter by plants occupy 108 pages, and 
the nutrition of plants 144 pages. lieferences are given to the original 
memoirs aud other accounti^ ftoin which the facts fttfe gathered. This 
•work renders to German experimenters a service which, if done for 
those of our own workers who are to be engaged in investigations in 
this line, would be in the highest degree helpful. 

Before our experiment stations shall have been in operation as long 
as those on the other side of the Atlantic, it is to be hoped that abun- 
dant helps of these and other needed kinds of tbeir work will have been 
j)rovided. The object of the committee in referring to the matter now 
is to urge that some provision of this kind should be made at the earli- 
est practical moment. This service has been done for foreign experi- 
menters in tl.eir own language, by their own men, and iii the forms best 
adapted to their use. They were not made for us, and are not what we 
want; though, of course, until we have. something better, it behooves 
us to make the best use we can of them. 

It is to be remembered that the work which these treatises tell of is 
the product of the union of science with experience; that the meii who 
have carried it on have been chosen mediators between practical farm- 
ing and scientific research; that while the experiment stations have 
been under the more or less direct control of the farmers, and have 
busied themselves with the questions with which the farmers were most 
immediately and intensely interested, they have at the same time been 
in intimate relations with specialists in the different departments of 
knowledge, and have had the constant guidance and help of the most 
successful investigators. 

For instance, the experiment stations of the Central Agricultural As- 
sociation of the province of Saxony, in Prussia, is located in the city of 
Halle, and its director is'professor in the university there. What the 
farmers want he finds from their constant demands upon the station. 
To supply these wants, he has a laboratory built especially for the sta- 
tion, ample appliances, trained assistants, access to the university and 
other libraries, and what is as helpful as any other one thing, if hot 
more so, daily contact with leading specialists. If he wants information 
about any particular point in organic or technical chemistry, physics, 
physiology, anatomy, botany, or geology, he does not have to spend 
days in hunting for it, but may in a few minutes get the result of the 
years of study in that specialty by conversation with a colleague whom 
he can meet at any time. Indeed, many such men who are not working 
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in experiment stations at all are nevertheless contintially engaged in 
tiie discovery of the natural laws which make up the foundation of 
agricultural science. It would be strange if the decades of work under 
such auspices in scores of places had not brought forth fruit of gtesit 
value; and now that so many experiment stations are entering upon the 
service of agriculture in our own country^ and are called upon to grap- 
ple with questions which are to a large extent the same, or closely allied 
to those which have been thus studied elsewhere, it would be a grievous 
error to fail to utilize that fruit. 

The first question, of course, is, how shall we avail ourselves of this 
accumulated experience? Men who are confronted with all of the de- 
tails incident to planning and carrying out work of this kind can not 
spend time to go through the literature of the subjects with which they 
have to deal and cull out the results they need. Something ought to 
be done to meet this demand. The committee believe a most useful serv 
ice to the enterprise would consist in the preparation of monographs 
which should embody not only the results of investigations but descrip 
tions of apparatus and methods of research. The task would, of course 
•be diflicult, and would require the co operation of numerous special 
ists. 

It has been suggested that perhaps a way might be made clear for 
the Agricultural Department to assist in this matter, or that the sta- 
tions themselves might combine for the purpose. Possibly ah occa- 
sional prize offered for a treatise upon a given subject might stimulate 
capable men to authorship, and thus bring forward talent which would 
otherwise be slow in coming to notice. If a beginning were made, and 
the spirit and direction of the enterprise were of the right sort, a series 
of volumes might gradually be produced, the value of which wobld be 
far in excess of the cost. The topics to be treated would be numerous, 
and the selection would depend upon a variety of circumstances. Among 
the rest might be such as follows : 

(1) Experiment stations, American, and especially European, their 
Tiistory, orgabization, equipment, management, method of work, etc. 

(2) The soil, its chemical and physical properties, and their methods 
of studying them. 

(3) Experimenting upon the growth and nutrition of plants, includ- 
ing the use of fertilizers. 

(4) Sugar production from cane, sorghum, and beet. 

(5) Diseases of plants. 

(6) Composition and nutritive value of feeding stuffs. 

(7) Ensilage. 

(8) Effect of fodder upon milk production. 

(9) Making of butter and cheese. 

This is not the place to propose the details of a scheme of this kind, 
but the committee make the suggestion, believing it to be both useful 
SLud feasible. 
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Through the comtnuuications from representatives of the stations 
above cited there runs the evideat conviction of the importance of doin^ 
the kind of work which shall be iiwst directly useful to the farmer. The 
continued support of the stations will depend upon their success not 
only in meeting the wants of the agricultural public, but makin'g that 
public feel that they do so. 

With reference to this matter the committee venture two suggestions. 
One has already been urged. It is that a part of the duty of the sta- 
tions is to teach, but to teach only well-attested and useful facts. By 
publishing information in terse, simple language, with appropriate ex- 
planations, by attending farmers' meetings, and demonstrating in lect- 
ures and otherwise the things that farmers need and desire to know, 
by interesting farmers in experimental work, and securing their co-opera- 
tion in carrying it out. In short, by diligent effort to carry knowledge 
to the farmer and help him with it, and at the same time help him ta 
help himself, the workers in the stations will both <lo their duty and 
secure the support they need. Such is the experience of experiment 
stations and agricultural colleges. There is more than one of our most 
successful institutions which would not be in existence today if it had 
not done a deal of faithful work of this sort. 

The other is that, while the stations are under oblij^ations to select 
for study the questions of immediate practical interest, yet oftentimes 
those which on the surface appear theoretical are at the bottom the 
most practical. The seemingly simplest and most pressing problems 
reach down to the profoundest depths of abstract law, and not infre- 
quently the practical interests of the farmer require the theoretical 
problems to be considered first, for the same reason that the founda- 
tions of a house and not the wall is the first to be built. 

Doubtless it is well that the new stations should go through more or 
less of the same experience that the older ones have, in commencing 
with concrete practical questions and gradually working toward the 
study of the laws that underlie them. This will involve loss of time, 
energy, and money, in the sense that oftentimes the main result of an 
experiment will be to show the need of studying a problem that lies 
beneath it. But this will not be an entire loss, for such experiments 
often bring valuable information even if the goal is not reached, and 
they are means of showing the constituency of the stations the need of 
abstract research. Indeed positive good in many ways comes from just 
such work and experience. The wisdom consists in insuring the mini- 
mum of waste. 

It is important to know what fertilizers will be most profitable in 
New Jersey or in Ohio; what forage plants will best withstand the 
colds of New Hampshire and Dakota; what fruits may be successfully 
grown in Iowa and Delaware; how cotton seed maybe advantageously 
composted in Alabama or fed to stock in Mississippi or Texas. These 
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are local qaestions, and will be solred mainly by practical tests made 
and interpreted in the light of the best knowledge. 

It will help farmers to know what are the most economical rations 
wherever cattle are fed and the best ways of making batter and cheese 
wherever there is dairying. These questions involve more of gfeneral 
law&and are less affected by local conditions. 

But whether a given problem is influenced more or less by local cir- 
cumstances; it is always controlled by general law. The action of fer- 
tilizers depends upon the chemistry and physics of the soil and the 
physiology of the plant; the making of butter upon the chemical and 
physical properties of milk ; the production of meat and milk upon laws 
of nutrition ; and all these properties and laws are still very imperfectly 
understood. 

Unquestionably the stations ought to make practical experiments in 
the study of the problems before them. But on the long run, those 
stations will do best that plan their work most philosophically, and the 
prosperity of the enterprise as a whole will be proportioned to its sue. 
cess in the discovering of the laws that underlie the right practice of 
agriculture. 

Regarding the scientific policy of the stations there are two important 
facts to be taken into consideration. One is that ours is a time of gen- 
eral reaching out after what is best. Later years have witnessed a 
notable elevation of public taste. The spread of popular science and 
the growth of the higher institutions of learning are evidences of this. 
It is a matter of common experience among those who are in the ad- 
vance lines of scientific, literary, and educational progress that the best 
success is built upon faith in the aspirations of the people at large for 
something better than they have. If other striking proof of this prin- 
ciple is needed it may be found in our periodical literature. The maga- 
zines that have the largest circulation are the ones which have the least 
of trash and ballast and the most of what is good sound information and 
ministers to the higher taste. The head of one of the largest bureaus 
for supplying the newspapers with material for their columns lately re- 
marked that the secret of his success was in furnishing articles a little 
above the ordinarily accepted standard of public taste. 

The other is that the American farmer, although not a scientific spe- 
cialist, has a keen sense of what is sound and good, and even if he does 
not understand the details or the exact drift of research, if he has faith 
in the man who is carrying it on he has faith enough in the thing itself 
to be glad to have it done. 

Although the public taste and the demands of the farmer are not ca- 
pable of quantitative measurement, they are important factors in the de- 
cision of what ought to be the character of the work of the stations. If 
there is danger of wasting ammunition by '* firing over people's heads,'' 
there is no less danger of wasting energy and losing their confidence 
by failing to come up to their ideals. 
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TUe stiUiou is the servant of tl^e farmer. It is, likewise, bis teacber^ 
It will have bis respect and his support io proportion as it shows itself 
worthy by doiug the highest work. 

As regards the co-ordinating of the work of the stations, the commit- 
tee do not feel warrapted in making many specific recommendations. 
The plans are still inchoate, and even if the problems were ip all casea 
decided upon, it would be unwise for any man or body of men to at- 
tempt to dictate as to how individual work should be carried on. The 
success of research always depends upon the exercise of the Individual- 
ity, as well as the q.bility, of the men engaged in it. Freedom of action 
is one of its first conditions. lifevertbeless, as the work develops, it is 
evident that there will be ways in which stations can advantageously 
unite in the study of specific questions. Stations that are to work in 
dairying may well consult together and seek the covinsel of si)eciali8ts 
in their selection of questions and tjie methods for their study. The 
same will apply to those who are interested in ezperiments in feeding, 
fertilizing, and so on through the list of the more general subjects of 
inquir3\ 

The committee venture, however, to specify two directions in which, 
in their opinion, co-operatipn m^y be atteippted, immediately or very- 
soon, and with promise of success. 

Que of these has to do with fertilizer control. In a considerable num- 
ber of States in which the use of commercial fertilizers has already 
become quite extensive s^n attempt is being made to exercise control 
over the quality and sale by legislatioq, inspection, ancj analysis. The 
details of the legislative enactments 9<nd the methods of inspection are 
widely different in different States. The result is inconvenience and 
loss to both dealers and consumers, furthermore, the analysis of fer- 
tilizers as now carried on in a number of States involves a great deal 
of labor, a part of wl^ich might properly be saved by proper co-opera- 
tion between the stations in neighboring States. The Association of 
Official Agricultural Ohemists has already done much toward the unifi- 
cation of n^etbpd^ of analyses. But the stations, working through the 
£^ssopi^tion of poUeges and experiment stations, might exprcise ^ wider 
and more effective in^uence toward the unifying of legislation apd 
methods of inspection and the economizing of labor and expense of 
analysis. 

The other concerns field experiments with fertilizers. In ^ number 
of the older States experiments of this sort have been carried on during 
a number of years past. Experience here, as in Europe, where slinilar 
enterprises have been instituted by experiment stations, has brought 
out both the difficulties and the advantages of work of this sort, and 
hp,8 showfi t;hat while it sometimes results in failure, yet, on t^le whole, 
much good comes from it, especially when the worji is done by asso- 
ciations or individual farmers under the direction of the stations. The 
experiments both serve as object lessons and as me.ans of securing co* 
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operation and the support of the agricultural public and of farmers. 
"When they are carried out on a common plan, but under diverse con- 
ditions of locality, soil, culture, and crop, they bring information of 
scientific as well as practical value. 

Tl^ere is the d^^la^d that something bp done s^t once. Apiong the 
things that can be ijndertaken iQimecJiately, at comparatively little cost 
and with the prospect of benefit to both the farmer and the station, the 
committee are aware of none which promise more immediate usefulness 
in the olcjer States than this. Several stations have signified their in- 
tention tQ undertake such work ^be coming season. The committee 
have already begun correspondence, and if the demand appears they 
will be glad to do all in their powier to assist. 

There is still another matter concerning which earnest convictions 
have been expressed, and whic^i seems to the committee of so great im- 
portance that they can not refrain fram referring to it before concluding. 
It is that all dw economy should bd exisrcised in the use of the funds 
to be provided by Congress. At the outset there may be a temptation 
to spend the wThole appropriation, even if the ways for making the best 
use of it a^e not perfectly clear. It will be a wiser as well as a worthier 
policy, ^nd pne far better for the cau^e, tp forego the purch^>se of a 
little apparatus and to submit tp a little delay in the beginning of a 
given piece of w^ork and let the funds be covered back into the United 
States Treasury, than to u$e them for materials not absolutely needed 
or vp^ork which will not be well done. 

If the above does not include all that the members of the ^ssoiciation 
Lave looked for in what the committee were requested to furnish for 
publication with the proceedings of the Washington meeting, the com- 
mittee beg them to consider that the plans are still immature — even the 
appropriation is pot made at the date of this writings that specific recom- 
mendations are at the best difiicult to make; ^ud th^t this report b^s 
been prepait^d by men crowded with other occup^itions and in the busy 
season of the year. The main points presented may be recapitulated in 
a few words. 

(1) The diversity of conditions upder which the individpal stations 
must be orgiEtnized and conducte^l repders riBcofumendatiops ^s to build- 
ings^ apparatus, and other material equipment dilO&cult. A list of books 
appropriate to a station library has been prepared by one of the mem- 
bers of the compiittee and is printed elsewhere. The committee will be 
glad to render any jassist^nce, ip rjBsponse to individual juquiries, which 
their time and ability may permit. 

(2) In view of the action already taken by conventions of representa- 
tives of colleges and stations as to intercoramuuication between stations 
and the authority given to the Department of Agriculture by the act of 
Congress^ the committeehavehesitated to make recommendations. They 
have, however, ventured to suggest the desirability of an organ of the 
stations; a publication which should contain accounts of research here, 
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abstracts of like work in other countries, and other matters of mutual 
interest. 

(3) To obtain information as to the special questions which will de- 
mand attention in different localities the committee have addressed 
inquiries to representatives of the stations. Kot all have replied, and 
among the answers received not a few are more or less indefinite. This 
is very natural in view of the fact that plans are still immature. The 
substance of the replies receded is given above. 

(4) As regards co-ordination of work, the committee feel that the 
time is hardly ripe for recommendations, and that the most effective and 
useful co-ordination and cooperation will come from mutual consulta- 
tion. They believe that as the plans are developed it will become pos- 
sible to arrange for the study of questions of general interest in ways 
which will be to a greater or less extent cooperative and thus more ef- 
ficient. They have, however, ventured suggestions for co-operation in 
two lines, fertilizer control and field experiments with fertilizers. 

(5) In consideration of the newness of the enterprise in this country, 
the large amount of experience which has come from the work of sev- 
eral decades past in experiment stations and other institutions for re- 
search in this country and in Europe, and the importance of making this 
available for workers in our stations, the committee have suggested the 
preparation of monographs upon special subjects. 

(G) As regards the general character of the work of the stations the 
committee believe that they will be sustained in proportion as they help 
the cause they are intended to serve. It is essential that they recognize 
the immediate demand for things immediately useful ; that they find what 
questions are of direct practical importance, and give such questions an 
amount of early attention which under other circumstances might be 
disproportionate. But it is vitally important that the highest scientific 
ideal be maintained and every effort be made toward its realization. 
The future usefulness of the stations will depend upon what they dis- 
cover of permanent value, and this must come largely from the most 
abstract and profound research; to forget this will be fatal. 

The stations must also remember that it is their office not only to ex- 
periment, but to teach; that it is their duty to gather information as 
well from accumulated stores as from the fields in which they are work- 
ing, and to bring it, not ^' down to the farmer,'^ but home to him. By thus 
using their most honest and earnest effort to help the farmer they will 
secure from him and from the public at large the support they need for 
their highest work. 
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LETTER OF TRANSMITTAL. 



Washington, D. C, January 18, 1889. 

Sir : I have the honor to submit herewith a report upon the history 
nature, and treatment of the disease known in the United States as 
hog cholera. Our knowledge of this pest has been developed almost 
entirely by the inquiries and experimental investigations of the Bureau 
of Animal Industry ; and while much of the information contained in 
this volume has been published in the reports of the Department of 
Agriculture, a systematic and complete statement of the facts has never 
before been made in a connected manner. 

It has been discovered in the course of these investigations that there 
are two very different and distinct epizootic diseases of swiue in this 
country which are widely prevalent, and which had previously been 
spoken of under the one name of hog cholera or swine plague. These 
two iiames had, therefore, been used synonymously previous to 1886, 
when the differences between the diseases were pointed out in there- 
ports of this Bureau. It was then deemed best to apply the term hog 
cholera to that disease in which the intestines were found most af- 
fected, and in which the symptoms would come nearest to justifyiog 
the appellation. The other malady appeared identical, not only in 
symptoms and lesions but in the microbe which caused it, with the 
disease recently described in Germany by both Loffler and Schtitz un- 
der the name of Schweineseuche^ or swine plague. For this reason it 
was considered best to call this affection swine plague in the reports, 
and thus preserve uniformity and prevent confusion of ideas in refer- 
ence to the diseases of swine in different countries. 

This volume treats exclusively of hog cholera, as it is the malady 
which has been longest under investigation ; but the material is on hand 
for an almost equally complete volume on swine plague, which we hope 
soon to submit for publication. There are, of course, many other dis- 
eases of swine, some of which are communicable in a certain degree, 
but none of which are so widespread and fatal as the two that have been 
named. Some of these, especially the parasitic ones, are receiving at- 
tention, and may in the future be treated at length in the bulletins of 
this Bureau. 

The greater part of the detailed study of the disease, the planning of 
experiments, and the bacteriological investigations have been carried 
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out by Dr. Theobald Smith, while the conducting of the experiments, 
the care of the experimental animals, and the general management 
of the experiment station have been under the direction of Dr. F. L. 
Kilborne. I can only speak in the highest terms of the untiring in- 
dustry and skill displayed by both of these gentlemen. 

The experiments in regard to prevention and medical treatment are 
being continued, bat it is confldeiitly believed that an understanding of 
the facts detailed in this volume will enable the owners of hogs to pre- 
vent or even arrest the great majority of outbreaks. It should be un- 
derstood, however, that the measures indicated must be enforced 
promptly, energetically, and thoroughly. 

D. E. SALMON, 
Chief of the Bureau of Animal Indmtry. 

Hon. KOBMAN J. COLMAN, 

CommissioTier of Agriculture. 



THE INTRODUCTION AND SPREAD OF HOG CHOLERA IN THE 

UNITED STATES. 



In the early days of hog-raising in the United States these animals 
were comparatively free from disease, and wide-spread epizootic mala- 
dies among them appear to have been unknown. A circular letter of 
inquiry was recently sent from the Bureau of Animal Industry to the 
correspondents of the Department and to swine-breeders in all parts of 
the country, asking the date of the first appearance of hog cholera in 
the respondent's county, and a statement as to the health of swine pre- 
vious to that time. More than a thousand replies have been received, 
many of them so carefully written as to be of much interest and value. 
Nearly all agree in stating that at one time the swine industry was not 
subject to the periodical losses from epizootics which now cause such 
discouraging losses. From the first appearance of this class of diseases 
the outbreaks became more numerous and more wide-spread until nearly 
all parts of the country are now subject to frequent invasions. 

The correspondence on this subject can only be briefly summarized 
in this bulletin. The first outbreak of disease supposed to be cholera 
that was referred to occurred in Ohio in 1833. It is reported from one 
county in South Carolina in 1837, and from one in Georgia as having 
existed in 1838. It existed in 1840. in one county in Alabama, one of 
Florida, one of Illinois, and one of Indiana. In 1843 it is reported from 
one county in North Carolina. In 1844 one county in New York re- 
ports being affected. Its presence in 1845 is only mentioned by one 
correspondent from Kentucky. 

The thirteen years, from 1833 to 1845, inclusive, form a period in 
which but ten outbreaks of swine disease, supposed by the writers 
to have been hog cholera, were mentioned in these replies. It is evi- 
dent that during this period hogs were generally healthy throughout 
the country, and that the losses from disease were not suflBcient to at- 
tract very much attention. The nature of the disease referred to as 
existing so long ago may, of course, be questioned at this day, and we 
have no means of deciding whether or not any particular outbreak was 
cholera or some non-contagious malady due to local conditions. It is 
reasonable to conclude, however, that the correspondents are correct in 
their opinion in most cases, because since 1845 the outbreaks mentioned 
became more numerous year by year until we find nearly the whole 
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coantry involved* This rapid increase of the number of affected sec- 
tions would seem to indicate that a contagious disease had been intro- 
duced and carried to widely separated sections of the country, from 
which it extended until, with a year favorable to its propagation, we 
find a sudden and alarming increase. 

Turning again to the number of outbreaks reported, we find, in 1846, 
that there were two in Korth Carolina, one in Georgia, one in Illinois, one 
in Indiana, and one in Ohio. In 1847 four are given in Tennessee and 
one in Virginia. In 1848 we hear from it in one county in Illinois, two 
in Indiana, two in Kentucky, one in North Carolina, and one in Virginia. 
In 1849 it is mentioned as in one county in Indiana and in one county 
in Ohio. In 1850 we have accounts of three outbreaks in Georgia, one 
in Pennsylvania, one in Indiana, two in Kentucky, one in North Caro- 
lina one in Ohio, and two in Tennessee. In 1851 there were outbreaks 
in Illinois, Indiana, and Tennessee. In 1852 there were two reported 
in Illinois, two in Indiana, one in Missouri, and one in Ohio. In 1853 
it invaded two new counties in Illinois, two in Indiana, two in Kentucky, 
one in North Carolina, four in Ohio, two in Tennessee, one in Texas, 
and one in Virginia. In 1854 it appeared in one more county in Illi- 
nois, four in Indiana, five in Kentucky, two in North Carolina, two in 
Ohio, and one in Tennessee. In 1855 it is found in six counties in Illi- 
nois, five in Indiana^ one in Kansas, four in Kentucky, one in Missouri, 
two in Tennessee, and one in Virginia. 

The number of outbreaks mentioned by correspondents, it will be 
seen, is not less than ninety-three for the ten years from 1846 to 1855 
inclusive. As compared with the ten outbreaks reported for the pre- 
vious thirteen years this is an enormous increase. There can be little 
doubt that it was during the period from 1846 to 1855 that hog cholera 
became scattered over the country and fairly began that work of de- 
struction which has become so familiar to us in later years. 

Below will be found a tabulated statement of the replies from nearly 
eight hundred and fifty of our correspondents. The figures show the 
number of original hog -cholera infections reported for the different pe- 
riods from the first recorded appearance of the disease in this country 
to 1887. Of course there have been many counties infected within that 
time which are not referred to in these communications, but the large 
number that were mentioned gives as perfect an idea as can now be 
obtained of the development and spread of this contagion. It is to be 
remembered that the outbreaks mentioned are not secondary infections, 
but are the first outbreaks of the disease in the correspondent's local, 
ity, and in most cases the first which occurred in his county. In nearly 
all cases it is stated that previous to the outbreak referred to the health, 
of ho£:s had always been good, and the losses from disease had been 
confined as a rule to a single animal at a time. 
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Number and dates of original infections with hog cholera and amne plague, oa compiled 

from recent correspondence. 



States. 


Thirteen years, 
I833-'45. 


Ten years, 
1846-'55. 


Five years. 


Five years, 
1861-'66. 


Five years, 
186«-'70. 


Five years, 
1871-'75. 


Five years, 
1876-'80. 


Five years, 
1881-'8.5. 


Two years, 
1886-'87. 


Alabama ..-...*..■■*. 


1 


1 


4 
2 


7 
7 


5 
1 


4 


1 
2 


1 
2 




A rkansAs ..r- -- ,-- 




California 




2 


Colorado ................... 
















1 
2 

1 
3 
1 
1 
3 
13 
26 
3 
1 


1 


Connecticut. 
















1 


Dakota 








■ 




1 
1 
4 
8 
5 
11 
5 


3 

7 

4 

17 

12 


1 


Florida 


1 
1 

1 
1 






1 
13 
14 

8 
15 

7 
3 


7 
7 

10 
11 

4 
3 




Georgia 

Illinois 


5 
14 
19 


13 

40 

26 

7 

2 

18 

2 


1 


Tndiana 




Iowa ....................*. 


3 


TCannafl .........*-- 




1 
15 


A 


Kentncky .r,.^ t- 


1 


2 


T^nlsia'na ...... 




1 
1 




Maine.... ,., 








Marvland ■.. 






1 


2 

1 






8 
2 
3 


1 


Massachusetts 












2 


Michigan 












2 

1 
1 
8 
3 


3 


Minnesota r 












1 

8 
2 










4 
6 

1 


2 

8 


3 
16 

1 


2 

2 

15 

1 

■1 

2 
2 
1 
1 
3 


2 


Missouri .....n....... 




2 


1 


K'ebraska 




3 


New Ham'Dshire , , . 








N"ew Jersey 






2 


1 








1 


KewTork 


1 
1 




1 









IKorth Carolina 


7 


4 


10 


3 


4 




K'evada 




Ohio 


1 


11 

1 

1 

12 


7 

3 

3 

18 


6 

2 

1 

10 


9 
5 


12 
2 

1 


7 
4 


9 


Pennsylvania 


1 


Sonth Carnlina ...... rn-n^- 


1 




Xennessee. . ............... 






1 


Texas 




2 
8 


7 
4 
4 

4 


5 

1 

13 


2 


Virginia 




4 


2 
2 
1 


5 
2 


3 

• 4 
1 


3 


WestVirjrinia 




1 


Wisconsin 






2 











Whether the outbreak which occurred in Ohio in 1833 was the first 
introduction of hog cholera in this country or not, can not now be de- 
termined. It seems reasonably certain, however, that the contagion 
was imported from Europe with some of the animals that were brought 
firom there to improve our breeds of swine. The investigations made 
in England and on the continent during the last year demonstrate that 
the swine fever of Great Britain is identical with our hog cholera, and 
that this disease is also widely: scattered over thecontiuput of Europe. 
This being the case, it would appear much more likely that the conta- 
gion was imported from there, as we know occurred with the contagion 
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of pleuro-pneamonla of cattle, than that it appeared spoiitaiieoasly or 
was developed by the conditions of life in this country. Having been 
once introduced it spread gradually, following the lines of commerce 
and being for a long time confined to them, until, extending step by step, 
it has at one time or another invaded every section of the country in 
which swine raising is a prominent industry. 
Dr. George Sutton of Aurora, Ind., in 1858, wrote as follows: 

I have seen notices of this disease prevailiDg in the States of Illinois, Kentucky, 
Indiana, Ohio, New York, Massachusetts, Pennsylvania, ai)d Maryland. It has pre- 
vailed extremely in Indiana, particularly in Dearborn, Ohio, Ripley, Rush, Decatur, 
Brown, Bartholomew, Shelby, Johnson, Morgan, Marion, Boone, Posey, and Sullivan 
Counties. It has also prevailed in Campbell, Kenton, Boone, Gallatin, Carroll, Breck- 
inridge, Bullitt, Bath, Heory, Henderson, Nicholas, Livingston, Union, and Crittenden 
Counties, Kentucky. It has also prevailed in Hamilton, Butler, Clinton, Fayette, 
and Clermont Counties, Ohio. Also in different portions of Illinois, and very severely 
in Wayne, White, and Gallatin Counties.. It has also prevailed in the State of New 
York. The Ohio Farmer for January 3, 1657, quoting from the Buffalo Republic the 
extensive prevalence of the disease, says that "in western New York especially we 
learn it has been very fatal, but is now over. In conversation with one of the most 
extensive dealers in the neighborhood, a day or two since, he informs us that about 
six weeks ago he lost about four hundred in a very short space of time. A distiller 
in Jordan, during the month of September, lost fourteen hundred, which cost, in ad- 
dition, over $1,000 to have them buried. In Rochester, at all the principal points, 
and even among the farmers, the mortality has exceeded anything ever before heard 
of. A butcher in this city not long since purchased $500 worth of fat bogs, but they 
died so rapidly on his hands that he scarcely realized $75 on the investment." The 
Worcester (Mass.) Spy reports that many farmers in that city and vicinity are losing 
their swine by the mysterious aud fatal disease known as the hog cholera. In the 
southeast part of the town it prevails in a greater or less extent upon nearly every 
farm. 

In most cases the disease is traced to Western hogs that have been sold by the 
drivers the present season, and which seem to have communicated the contagion to 
the other inmates of the sties in which they have been kept. It is known that of 
many droves of Western shoats that have been sold at Brighton this season, and ped- 
dled about the State, nearly all have died. The disease. has, no doubt, prevailed ex- 
tensively in other parts of the country, of which I have seen no notice. In this sec- 
tion of the country it has been extremely fatal. Over portions of Dearborn County 
it spread from farm to farm, and some of our farmers lost from 70 to 80 out of 100 of 
their hogs. At the distilleries the mortality has been very severe, I received infor- 
mation that more than 11,000 died at the distillery in New Richmond, in the summer 
and fall of 1856. The owners of the distilliery at Aurora inform me that they have 
lost between 6,000 and 7,000. A gentleman informs me that he lost in 1856, at Ingra- 
ham's distillery, in Cincinnati, from the 1st of August up to the 24th of October, 
1,285, losing 1,152 out of a lot of 2,408. Another gentleman informs me that at the 
distillery in Petersburgh, Ky., he lost from the Ist of June up to the 18th of October, 
1856, 2,576. I have also received information from several other distilleries where 
the losses were large.* 

AccordiDg to Dr. Sutton, this disease first appeared in Dearborn. 

County, Ind., in July, 1850. 

■ ■ ■ ' ' ' ■" .■■-........- I -, 

* George Sutton, M. D., Observations on the supposed relations between epizootics 
and epidemics) and experimental researches to ascertain the nature of the recent epi'» 
zootic among the swine, and the effects which diseased meat may have on human 
health. The North American Medico-Chirurgical Review, May, 1858, pp. 483-504. 
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Dr. E. M. Snow writes that — 

Daring the last five years this disease has been seen, from time to time, in portions 
of the more eastern States, sometimes, as in western New York in 1856, proving qaite 
severe and fatal in comparatively limited localities. Bat in the Eastern States it has, 
to a great extent, originated with and has generally been confined to hogs imported 
from the West. I think that in no State east of Ohio has the disease prevailed ex- 
tensively, or attained the character of a wide-spread epidemic. 

In the vicinity of Providence, R. I., it has prevailed to some extent, more partica- 
larly among large herds of swine daring each of the last five winters, but has been 
mostly confined to hogs bronght from, the West, and has nsaally disappeared with the 
approach of warm weather. Daring the last winter it was more severe than in any 
preceding, and was not confined to Western hogs. Neither did the disease, as here- 
tofore, cease with cold weather, bnt it continued until Aagust, having destroyed 
more than 500 hogs in Providence and in the adjoining towns daring the first seven 
months of the present year, 1861. I have also heard of its prevalence in varioas towns 
in Massachusetts daring the same period.* 

The losses from hog cholera in the United States have been enorinoas. 
[Estimates have from time to time been made from carefully-compiled 
data, and these have, so far as the writer is aware, never been less than 
$10,000,000, and have reached $25,000,000 annually. The inclusion of 
losses from other diseases is, however, unavoidable in such estimates, 
and consequently some allowance must be made for these. The recent 
identification of an epizootic pneumonia of hogs by the Bureau of Ani- 
mal Industry, a disease which appears to be identical with the JSchweine- 
sev.<ihe of German writers, shows that the varieties of swine diseases in 
this country are more numerous than has been supposed. The erysipe- 
las of Europe (French, rouget ; German, Bothlauf)^ and charbon have 
not yet been identified as occurring in an epizootic or enzootic form 
among swine in the United States but the existence of these diseases is 
not impossible, as the investigations have not yet been sufficiently nu- 
merous to reveal the nature of all such outbreaks. The diagnosis of 
sach diseases has been very uncertain in the past, because the symp- 
toms were not clearly defined, and not always sufficiently characteristic. 
The most reliable means of discrimination between these maladies at 
present is the isolation of the microbes which produce them. The char- 
acteristics of these organisms are now so well known that the bacteri- 
ologist has no difficulty in distinguishing between them. 

•Edwin M. Snow, M. D., Hog Cholera. Annaal Report U. S. Department of Agri- 
cnlture, 1861, p. 147. 



THE INVESTIGATIONS OF SWINE DISEASES. 



Among the first to investigate these diseases in the United States 
from a medical point of view was Dr. George Sutton, of Aurora, Dear- 
born County, Ind. In the extensive epizootics which prevailed in that 
county from 1850 to 1858 he had abundant material for study, and he 
noted the more salient features of the plague in a very clear and com- 
prehensive manner. While it is extremely difi&cult at this day to de- 
cide whether the outbreaks studied by Dr. Sutton were hog cholera or 
swine-plague, or a combination of the two, his observations are very in- 
teresting and bring out many important facts. Of the symptoms, post 
mortem appearances, and nature of the malady, he says : 

This disease presents a great variety of symptoms. In January, 1856, when this 
epizootic was at its height in this section of coantry, I published a short notice of it 
in the Cincinnati Gazette. The symptoms which I then described I have found upon 
a more extensive observation to be correct. The hog first appears weak, his head 
droops, and sometimes in a few hours after these symptoms diarrhea commences. 
There is frequently vomiting. In some cases the discharges were serous and clay- 
colored, sometimes dark, also bloody, and mucus resembling those of dysentery. The 
urine at first was generally small in quantity and high colored, but as the animal re- 
covered it became abundant and clear ; this was one of the symptoms by which the 
men who were attending the hogs at the distillery ascertained that they were recover- 
ing. 

In a large number of cases the respiratory organs appeared to be principally af- 
fected ; there was coughing, wheezing, and difficult respiration. In some instances 
the animal lost the power of squealing, and the larynx was diseased. There was 
frequently swelling of the tongue and bleeding from the nose. In those cases where 
the respiratory organs were the principal seat of the disease there was generally no 
diarrhea or dysentery. In many instances the disease appeared to be principally con- 
fined to the skin ; sometimes the nose, the ear, or the side of the head were very mnch 
inflamed ; the ear swollen to twice its usual thickness. This inflammation would spread 
along the skin, sometimes over the eye, producing complete blindness. Sometimes 
one or more legs were inflamed and swollen, and the inflammation also extended 
along the body. The skin where w as inflamed was red and swollen. Some had 
large sores on their flanks or sides from 3 to 6 inches in diameter. In one instance, at 
the distillery, the inflammation extended along the fore leg, the foot became ulcerated 
and sloughed ofl, and the animal recovered. Some appeared delirious, as if there was 
inflammation of the brain. I examined the blood of four hogs which had this disease 
well marked; they were stuck, and the blood, arterial and venous, was caught in a 
bowl. It was cupped and presented a well-marked bufly coat. Death took place in 
from one to ten days after the attack. Sudden changes in the weather, particularly 
ftQjjfX warm to cold, appeared \o increase the fat{|*lit^ of this disease. The average 
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mortality of hogs that were in pastures or fed on slop was from 33 to 45 per cent., 
but it was frequently much more fatal if hogs were fed on corn — in some iustances 
rangiog from seventy to eighty out of the hundred, and in some instances even 
higher. 

I found on opening the bodies of hogs that had died of this disease that they all 
presented evidences of a diffusive form of inflammation. From sixty-seven hogs that 
I have examined I found it was not confined to any particular tissue. Sometimes 
this inflammation was confined to one organ ; in other cases it attacked several at 
the same time. The skin frequently presented patches of inflammation, and often 
had a purple appearance. In cutting through parts that were the most inflamed, the 
skin was swollen and the cellular tissue was infiltrated with serum. Frequently, 
however, the skin was merely discolored, without any swelling whatever. The 
stomach was occasionally distended with food, and the mucous membrane in nearly 
every instance presented evidence of inflammation, sometimes extending over the 
whole stomach, at others only in patches. It was generally of a deep-red color, 
thickened, and frequently softened. Sometimes it was covered with a viscid mucus; 
in other instances there was an effusion of blood into the stomach. The mucous mem- 
brane of the small or large intestines, where there had been diarrhea gr dysentery 
presented in all instances evidences of inflammation ; in patches it was red, thick- 
ened, sometimes softened, and occasionally ulcerated ; where there had been dysen- 
tery there was generally bloody mucus found in the large intestines. The bladder 
generally contained urine ; sometimes its mucous membrane was inflamed, and in one 
instance there was an effusion of blood into this organ. In a large number of cases 
I found evidences of peritoneal inflammation, such as redness of this membrane, ef- 
fusion of turbid or bloody serum, adhesions between the intestines and between the 
intestines and sides of the body. In three instances blood was effused into the peri- 
toneal cavity — in one instance more than a quart ; it appeared in this case to come 
from the liver. The liver was occasionally the seat of this inflammation, not only 
in its investing membrane, but the parenchyma ; sometimes there were abscesses, 
and in one instance portions of it were gangrenous. The lymphatic glands were gen- 
erally of a dark -red color, frequently resembling clots of. blood. This disease of the 
lymphatic glands was of common occurrence. 

The lungs were frequently the seat of this inflammation, portions of one or both 
presenting different appearances, from simple congestion to complete hepatization ; 
sometimes there was ulceration, and frequently there was a turbid or sero-purulent 
or bloody effusion into the pleural cavity ; sometimes there were extensive adhesions 
between the lungs and pleura of the ribs. At first I was inclined to believe this 
malady to be a form of pleuro-pneumonia, but after I became better acquainted with 
it I found that the inflammation was not uniformly confined to any organ. In a 
number of instances the mucous membrane of the bronchia was deeply inflamed and 
the inflammation extended to the trachea and larynx. In several instances the larynx 
was inflamed, resembling laryngitis. One animal that had great difficulty in breath- 
ing and could make no noise I had knocked in the head, and on examination I found 
the mucous membrane of the larynx and epiglottis inflamed and swollen ; also the 
tongue was swollen. There were evidences in several instances of pericarditis, which 
had produced adhesions between the heart and the pericardium. The brain, from the 
difficulty of opening the skull, was examined only in one instance ; it was found 
healthy, although I feel confident it was frequently the seat of the disease. 

From these examinations we see that it is a misnomer to call this malady cholera. 
It is a contagious inflammatory disease, the inflammation being confined to no par- 
ticular tissue, sometimes attacking only one, at others several, in the same animal. 
Evidences of this inflammation were found in the dermoid, the cellular, the serous, 
the mucous, and glandular tissues. I consider it a diffusive form of inflammation 
from the manner in which I have witnessed it spread along the skin. In one night I 
]^y^ e^;^ it ^^t^^^cl fro?ft the ejre to tb© ear— t?^© ^^V l?©9onaing in^jiiped fmd swoUeft, 
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Although we have not been able to show that this is a cholera epizootic, still the facts 
elicited may be of interest and remove doubts at some future period. But, then, if 
this malady does not resemble cholera, does it resemble any of the diseases to which 
the human system is subject I I think not. Like the specific eruptive diseases, it is 
highly contagious ; the infection has a period of incubation of from twelve to twenty 
days, and one attack appears to exempt the animal from a second. But in this dis- 
ease, although petecchisB and an eruption may appear on the skin, its principal char- 
acteristic is a diffusive form of inflammation which may attack nearly every tissue 
and spread like an erysipelas. But then, again it differs from this disease, as it is well 
known that in erysipelas one attack does not exempt the system from a second ; and 
although erysipelas may be contagious, still it is doubtful whether the period before 
the eruption shows itself is so uniform as in this disease,- and while erysipelas is gen- 
erally confined to the skin this inflammation most frequently attacks the lungs and 
mucous membrane of the alimentary canal. This disease appears to be intermediate 
between the specific eruptive diseases and erysipelas, partaking of the nature of each, 
and probably not having its exact resemblance among the diseases to which the human 
system is subject.* 

Of his experiments and observations on the contagiousness of the 
disease and the manner of its spread he writes : 

When the disease made its appearance in this section of country, in the summer of 
1850, and we saw it spreading from farm to farm, the question was suggested whether 
it did not spread by contagion, for it was not known at that time (July) that the 
malady was contagious. Feeling much interest in watching the progress of this dis- 
ease, from the large numbers of animals that were dying, I suggested to the owners of 
the distillery at Aurora, Messrs. Graffs, that we should try a series of experiments to 
ascertain the nature of the disease, and whether it was propagated by contagion. 
To this they readily assented, and as they were constantly receiving fresh hogs, 
there was a fine opportunity to make any experiments we saw proper. I am indebted 
to Mr. J. J. Barkman, of Aurora, for seeing that the following experiments, with the 
exception of the last, were carefully made. The hogs on which the experiments were 
poiade were known to be healthy: 

(1) Six hogs that had been exposed to the malady by being in contact with dis- 
eased hogs were put into a yard by themselves and fed on slop and com ; on the four- 
teenth day from the time they were exposed to the disease they were all unwell ; 3 
died within a week afterwards, the rest recovered. 

(2) Ninety hogs were exposed to the disease, then put into a yard by themselves 
and fed on corn and water (no slop given) ; in thirteen days disease made its ap- 
pearance among them, and they continued to die until 60 out of the 90. died. 

(.3) Fifty hogs were put into a pen by themselves, and fed on slop ; they had not 
been exposed to the disease ; for six weeks they continued healthy. 

(4) One hundred hogs that had not been exposed to the disease were put into a 
yard by themselves, and fed on corn and water ; for thirty days no symptoms of dis- 
ease appeared among them. They were then put into a pen with diseased hogs; on 
the thirteenth day they began to show symptoms of the malady, and the disease 
rapidly spread among them, until 40 died. 

(5) Thirty-three hogs, out of a lot of 263, were put into a pen by themselves ; for six 
weeks they continued healthy. The remaining 230 were put into a pen adjoining in 
which were diseased hogs; in thirteen days disease made its appearance among them, 
and continued until one-half died. 

(6) Four young and healthy hogs were put into a pen in which, four days previous, 
diseased hogs had been ; they were fed on corn and water. On the fourteenth day 
they were all unwell ; and one died on the fifteenth day, and in five days more they 
were all dead. This experiment shows that the infection may be retained in a pen 
several days. 

* I^orth Amer1cq,^ Afedigo-CIiirur^ical I^eview. 1^58, II. 496, 
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(7) I inocalated, on the 28th of October^ five healthy hogs with the blood taken 
from the inflamed tissaes of hogs that had died of this disease. On the fourteenth 
day (November 11) they were all unwell, and all died with the exception of one. 
In three inflammation spread from the point where they were' Inoculated, along the 
skin and down the legs, which became very much swollen. I can not say that this 
inflammation was caused by the inoculation, for it did not appear until the fourteenth 
day, and many hogs had this external form of disease. 

From these experiments I think that we not only ascertained that this disease was 
infections^ but that the infection had a latent period of from twelve to fifteen days. 
Observations have since led me to consider the latent period as varying from twelve 
to twenty days. These experiments also showed that the hogs in the pens were not 
dying from strychnine in the slop. A statement was going the rounds of the papers 
about this time that strychnine was used in making yeast at the distilleries, and was 
poisoning the hogs at these places in large numbers. 

The manner in which this disease in many instances spread among hogs from farm 
to farm also showed most conclusively that it was infectious. One farmer had 75 
hogs that he turned into a corn-field to fatten. These hogs had been exposed to the 
disease, had become sickly, and numbers had died. He bought 36 more; these were 
all healthy ; they were put into the same field with the diseased hogs ; in two weeks 
they were unwell, and numbers died. He bonght 45 more, all healthy, and put them 
in the same field; in two weeks they began to show symptoms of disease, and in a 
few days after a number died. Finding that he was likely to lose all his hogs, he 
sold 50 of the fattest that were left to the butchers in Cincinnati, at a reduced price, 
as diseased hogs. These hogs, it was said, were purchased for their fat, to be used 
in the manufacture of lard oil. After deducting the 50 he sold, he lost out of the 
156 all but 10. 

A large number of facts could be given, if necessary, to show the contagiousness of 
the disease. Hogs that had been once under the influence of this malady appear not 
to be susceptible to a second attack. Although placed in pens with diseased hogs 
they continue healthy and fatten, and not a single instance can I find of hogs having 
this disease twice. There is reason to believe that this malady occasionally prevails 
at the distilleries in a mild form, as the old hogs at many of these places did not take 
the disease. But why it should suddenly have assumed so malignant a character is 
as difficult to account for as that scarlatina, from being at one time the mildest of dis- 
eases, at another becomes one of the most malignant. On the farms the old and young 
hogs appear to be equally susceptible to the disease. 

In 1861 Edwin M. Snow, M. D., of Providence, R. I., contributed a 
paper on bog cholera to the Annual Eeport of the United States De- 
partment of Agriculture (pp. 147-164). The symptoms of the disease he 
gives as follows : 

The symptoms, as described by persons unaccustomed to such observations, are ex- 
tremely yarious. By combining the information obtained from others with results of 
our own observations the symptoms, as seen during the life of the animal, are nearly 
as follows : 

(1) Refusal o//oodf.— This is the first symptom usually noticed by those who have 
the care of the animals, though, as will be seen hereafter, this sympton by no means 
indicates the beginning of the disease. The refusal of food, after it is first noticed, 
generally continues through the whole sickness, and food of every description is 
mostly refused. 

(2) Great thirst. — ^This is constant, and large quantities of cold water will be swal- 
lowed if it can be obtained. Even after the animal is unable to stand alone it will 
drink cold water with eagerness. 

(3) After a time, the length of which varies very much, the animal begins to show 
sigus of weakness ; reels, staggers, and, in attempting to walk, often falls down. 

15612 H C 2 
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(4) In most oases there is a diarrhea, with copious flaid discharges of dark, billons, 
and very offensive matters. In a few cases there is no diarrhea, but evacuations of 
hard black balls ; but in some of these cases the fluid offensive matter is found in 
the Intestines after death. 

(5) In a few cases there is vomiting ; but this is not often severe, nor is it contin- 
uous for any length of time. 

(6) The external appearance of the animal is at first paler than usual, but towards 
the last of the sickness purple spots appear, first on the nose and sides of the head. 
These extend along the sides of the belly and between the hind legs, after which the 
animal soon dies. 

(7) In many cases, perhaps a majority, ulcers are found on the different parts of 
the body. These were particularly noticed on the inside of the lips and gums, and on 
the feet, and were often quite deep and excavated. In some cases these ulcers were 
seen in the nostrils, and in one case there were extensive ulcerations in the back part 
of the mouth, on the tonsils. 

(8) In some cases the legs are swelled, and the animal is lame ; sometimes the ears 
and sides of the head are swelled and red ; sometimes the eyes are sore and inflamed ; 
sometimes swellings like carbuncles are seen ; and, generally, the glands near the 
surface seem to be enlarged. 

(9) In most cases the pulse is quickened, the breathing is hurried and difficult, and 
there is much cough. But in some genuine cases there is no perceptible trouble with 
the lungs, and no important signs of disease are found in them after death. 

(10) The duration of the disease in fatal cases, after the first symptoms are noticed, 
is extremely variable. We have Seen some which have* died within two or three 
hours; others have lived many days. It is difficult, however, to fix the time of the 
appearance of the first symptoms. The first noticed is usually the refusal of food ; 
but it is probable, indeed it is certain, that the sickness is in progress for a consider- 
able period before the animal refuses food. Cases like the following are sometimes 
seen : A hog refuses to eat ; it soon grows weak ; staggers in walking ; turns purple 
on the sides and belly, and dies within two or three hours after the first symptom is 
noticed. But, on examination after death, extensive disease is found in the intes- 
tines, or in the lungs, or in both, at a stage of development which must have required 
many days to reach. 

The j?os^wor^em appearances are then summarized in the following 
language : 

Having described the symptoms, as seen while the animal is living, I will now give, 
briefly, the appearances found on examination of the bodies after death : 

In the course of our investigations, during the last winter and spring, the bodies of 
nine hogs were carefully examined by Drs. G. L. Collins, J. W. C. Ely, and E. T. 
Caswell, of Providence, in the presence of several other physicians. A minute ac- 
count of each case was prepared by Dr. Collins, and published in the Transactions of 
the Ehode Island Medical Society for 1861. It will be sufficient for the objects of this 
paper to give a brief synopsis of the diseased appearances which were found in these 
examinations : 

Lungs. — Ii!. two cases the lungs were healthy. In the remaining seven cases one or 
both lungs were more or less inflamed, having a liver-like appearance, called hepatiza- 
tion. In some cases the inflammation was more advanced, and the substance of the 
lungs was breaking down into a mass of disease. In all cases where the lungs were 
inflamed there was also pleurisy, and the lungs were adherent to the walls of the 
chest; the inflammation of the lungs and the pleurisy together constituting true pleu-i 
ro-pneumonia. In two cases there were tubercles, or consumption in the lungs ; but this 
is not uncommon in hogs, and is not supposed to have any connection with the spe- 
cial disease we are considering. 

Stomach, — The stomach and the small intestines were generally healthy. The^ 
etomach was freqently diat^nded with au offensive mixture of food, j^ud iu ou© caa^ 
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the inner surface was ulcerated to some extent. In two cases worms were found in 
small intestines, but this was probably a merely accidental occurrence, and had no 
necessary connection with the disease. 

Large intestines. — The inner coat of the large intestines was generally inflamed and 
softened with ulcerations to a greater or less extent, and they were frequently so 
tender as to be easily torn with the fingers. On account of their diseased condition 
their inner coat was frequently discolored. The inflammation and ulceration of these 
intestines are probably the principal cause of the diarrhea in this disease. 

Kidneys, — These organs were, in every case, much more pale and yellow than 
natural; this condition was well marked. 

The liver and bladder were generally healthy. lu some cases water was found in 
the cavity of the belly and of the chest, and in the membrane surrounding the heart 
(heart-case). In two cases numerous minute purple spots were seen upon the mem- 
brane lining the walls of the belly. The urine was often changed from the healthy 
condition, containing albumen and other diseased products, not, however, noticeable 
to the eye. Ulcers upon the feet and in the month were often found. The brain was 
not examined, as there were no symptoms observed which seemed to indicate disease 
of this organ. It may be at times affected, but is probably more rarely so than the 
other organs of the body. 

Such are some of the most important appearances which are found on examination 
of the bodies of hogs which have died with this disease. It will be noticed that three 
of the diseased conditions I have described are prominent, important, and such as 
would be readily recognized by the most ignorant observer. 

These are, first, the pleurisy and ipflammation of the lungs; second, the inflamma- 
tion, ulceration, and softening of the inner coat of the large intestines;, and, third, 
the pale and yellowish color of the kidneys. One or more of these diseased condi- 
tions will be found in every case, and in perhaps a majority of cases they will all be 
found in the same animal. 

While Dr. Snow admitted the disease to be epizootic he did not con- 
sider it to be contagions. Indeed, he neither considered epizootic nor epi- 
demic diseases to be contagions, but, on the contrary, held that they 
were caused by (1) "an epidemic atmospherical poison," and (2) " the 
local conditions or circumstances adapted to receive and propagate the 
poison existing in the atmosphere.'' 

In 1875 Prof. James Law contributed a paper to the report of the 
Department of Agriculture giving his observations upon hog cholera, 
or " intestinal fever in swine,*' in which he so completely embraces the 
knowledge of our swine epizootics as it then existed that his paper is 
here reproduced in full. It is as follows : 

Synonyms. — Typhoid fever, enteric fever, typhus carbuncular fever, carbuncular 
gastro-enteritis, carbuncular typhus, pig distemper, blue sickness, blue disease, pur- 
ples, red soldier, anthrax fever, scarlatina, measles, diphtheria, erysipelas. 

Definition. — ^A specific, contagious fever of swine, characterized by congestion, ex- 
udation, ecchymosis, and ulceration of the mucous membrane of the intestines, and 
to a less extent of the stomach ; by general heat and redness of the skin, effaceable by 
pressure; by small red spots, complicated or not by elevations and blisters; by black 
spots and patches of extravasated blood on the integument, the snout, nose, eyes, 
mouth, and all other visible membranes, and on internal organs, ineffaceable by 
pressure and tending to sloughing; usually by liquid and fetid diarrhea; and by a 
very high and early mortality. 

The malady has been long known to pig-raisers and pork-factors in the Old World 
and the New, but in veterinary works it has been mistakenly placed in the list of 
xualignant anthrax affections, to which many of its lesions bear a striking resem- 
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blance. Two English works, pablished within the last year, repeat this time-honored 
fallacy. To malignant anthrax it is allied by the altered condition of the blood, by 
the BolntioQ of the blood-glob ales, by the imperfect coagulation of the blood in many 
cases, by the occasional enlargement and congestion of the spleen, by the extrava- 
sation of the blood out of the vessels (petechisB) into the skin, mucous membranes, 
and internal organs, and by the dusky hue of the eye, nose, etc. That it is essen- 
tially distinct is shown by the fact that its virus, so frightfully contagious and fatal 
to pigs, is not communicable to any other domestic animal. The contagion of malig- 
nant anthrax, on the other hand, is deadly to all domestic animals, and even to man 
himself. 

The common American designation of hog cholera has only the diarrhea to support 
itj and, as we see outbreaks in which this feature is mainly remarkable for its ab- 
sence, the name comes to be an absolute misnomer. lu many cases a gelatiniform 
exudation takes place on the affected surface of the mucous membrane of the intes- 
tines, windpipe, or bronchia, and the disease has accordingly been named diphtheria. 
But as such an exudation is by no means constant, a name founded on this peculiarity 
would have no actual foundation in a large proportion of cases. Again, the exuda- 
tion (see Post mortem No. 1) is mainly composed of cells and granules, w^ith less of 
the fibrinous matrix than is usual in diphtheria. Lastly, the intestinal fever of swine 
is most virulently contagious, whereas diphtheria is very slightly, if at all, infec- 
tious, and is confined rather to certain insalubrious localities or buildings. 

From scarlatina and measles it is sufficiently distinguished by the constancy of the 
intestinal legions, though it resembles both in its cutaneous rash. With erysipelas 
it has no real connection, the one common feature^ the redness of the skin, being due 
to a condition altogether different in nature, progress, and results. 

The constancy of the congestion, specific deposit, and ulceration in the intestines 
in the fever of swine, characterize it as perfectly as do the same lesions in typhoid 
fever in man. It further agrees with typhoid fever in having a higher evening than 
morning temperature and a rose-colored eruption on the skin. To this disease, indeed, 
it bears a closer resemblance than to any other disorder of man or beast, so that Dr. 
Budd and others with much plausibility call it the typhoid fever of pigs. But iu 
spite of the similarity of the specific deposits and ulcerations on the intestines, those 
of the pig show less tendency to attack the agminated glands (Fever's patches) and 
the solitary glands than is the case in man. They appear on all parts of the mucous 
membrane of the large and small intestines, yet the agminated and solitary glands 
rarely escape entirely, and sometimes they alone are the seats of ulceration and morbid 
deposit. The skin eruption, too, in the pig-fever is often distinctly raised, and even 
vesicular, whereas that of typhoid fever is a simple rash, and, like a blush, may be com- 
pletely though temporarily effaced by pressure. Finally, the contagion is incompara- 
bly more virulent and tenacious of life than that of typhoid fever, and the mortality 
is greater and occurs earlier iu the disease. On the whole, we must look on this 
affection of pigs as a disease sui generiSy having close affinities with the typhoid fever 
of man, yet essentially distinct, and hence the term intestinal fever of swine is more 
applicable, as at once expressing its nature and avoiding confounding it with other 
and distinct affections. 

Incuhalion. — The period of incubatiou has not been definitely settled. My experi- 
ence in Scotland in 1864 would have led me to set it down at from seven to fourteen 
days. The infected pigs were four days on the journey from the English market by 
rail and seven days on the farm before the disease manifested itself. Again, the 
home-bred swine were sound until four weeks after the strange hogs came on the 
farm, and three weeks after the latter were generally sick. Pigs, though farrowed 
by sick dams, did not show any sign of disease for about a week, although nearly all 
eventually died. 

In Dr. Budd's cases, in April, 18G5, the first symptoms of- illness were shown four 
or five days after the pigs were brought from Bristol market, where they may qv may 
not have been infected. 
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Dr. Sutton's experiments, made at Aurora, Ind., in September, October, and Novem- 
ber, 1848, deserve repetition in this connection. (1) Six hogs, after contact with dis- 
eased animals, were placed in a sound pen, and sickened on the fourteenth day. (2) 
Of 90, similarly exposed and then put in a sound yard, some sickened on the thir- 
teenth day. (3) One hundred, similarly exposed, coutracted the disease on the 
thirteenth day. (4) One hundred and thirty, placed in a yard adjoining one occu- 
pied by diseased hogs, became ill on the thirteenth day. (5) Four young and healthy 
pigs, placed in a pen occupied four days previously by diseased hogs, sickened on the 
fourteenth day. (6) Five healthy hogs, inoculated with the blood from the inflamed 
tissues of diseased swine, were unwell on the fourteenth day. 

Further experiments were made by Professor Axe, of London, in April, May, June, 
and July, 1875. (1) Two health}' pigs were (in April) placed for forty-eight hours 
in the same house with a diseased one, contact being carefully avoided. One was 
dull and off its food on the sixth day and the other on the eighth. (2) On May 
15 a pig was inoculated with the liquid cutaneous exudation, which had been kept 
on dry ivory points for twenty-six days. On the fifth day there was slight dullness 
and heat of skin, and on the sixth the malady was well developed. (3) On June 
10 another pig w^as inoculated with the cutaneous exudation of the last, the opera- 
tion being performed by another party and the pig kept apart to avoid all risk of 
indirect contagion. On the fifth day temporary redness was noticed on four teats, 
and on the sixth day the symptoms were fully developed. (4) Another pig broke into 
the pen occupied by the last-named subject and was left there for six days, when it 
was taken out seriously ill. In the hot summers of Illinois instances are met with in 
which symptoms of the disease are shown in a previously healthy herd under three 
days after the wind has blown from the direction of a sick lot half a mile distant. In 
analyzing this apparently somewhat discordant evidence we must bear in mind that 
the period during which a poison will remain latent in the system will vary accord- 
ing to the amount taken in, the excited or febrile condition of the subject, and the 
mode of introduction into the system. Thus an excess of any poison, animal or veg- 
etable, will usually show its effects with remarkable rapidity. A feverish state of 
the system, whether induced by intense heat, i)assion, or disease will rouse the poison 
into unusually early activity. Lastly, poisons that are inoculated usually act sooner 
than those introduced into the system by other channels. These considerations 
will serve to reconcile the prolonged latency of the poison in Dr. Sutton's cases, 
observed in cold weather, as compared with Dr. Budd's, Professor Axe's, and my own, 
in the English summer, and of these in their turn with the prompt development of 
the malady in the semi-tropical summer of Illinois. 

Symptoms. -^The earliest symptoms are slight dullness, with sometimes wrinkling 
of the skin of the face as if from headache ; shivering or chilliness and a. desire to 
hide under the litter are not uncommon. Some loathing of food, intense thirst, 
elevation of the temperature of the rectum to 104° Fahrenheit and increased heat 
and redness of the skin are usually the first observed symptoms, and occur one pr two 
days later than premonitory signs above mentioned. The increased heat of the skin is 
especially noticeable inside the elbow and thigh and along the belly. By the second 
day of illness the whole surface feels hot, and in white pigs is suffused with a red 
blush, which may pass successively through the shades of purple and violet. It is 
usually more or less mottled at particular points, and a specific eruption appears as 
Tose-colored spots of from 1 to 3 lines in diameter, sometimes slightly raised so 
as to be perceptible to the touch, and either pointed or more frequently rounded. 
The redness fades under the pressure of the finger, but only to re-appear immediately. 
The eruption is usually abundant on the breast, belly, and haunch, the inner side of 
the forearm and thighs, and the back of the ears. It stays out for two or three days, 
and may be followed by one, two, or more successive crops of the same kind. The 
cuticle is sometimes raised in minute blisters, a feature which distinguishes this from 
the rash of typhoid fever, and the liquid of such blisters inoculated on other pigs 
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commanicates the disease. In addition to the rash and simultaneously with it, or 
soon after, there appear on the skin numerous spots of a dark-red or black color, yary- 
ing in size from a line to an inch in diameter, on the color of which pressure has no 
effect. These are due to the extravasation of blood or of its coloring matter from the 
blood vessels into the tissues, and they dry up into thin scabs or sloughs if the ani- 
mal survives. Similar petecchial spots appear on the muzzle, in the nose, and on the 
eyes, and in some instances they are confined to these parts. The tongue is covered 
by a brownish fur. 

From the first the animal is sore to the touch, but as the disease develops the handling 
of the animal is especially painful and causes grunting and screaming. The pig lies 
on its belly, and, if compelled to rise and walk, moves stiffly, feebly, unsteadily, 
and with plaintive grunting. This weakness and prostration rapidly increases, and 
often ends in utter inability to rise or to support the body on the hind limbs. A wa- 
tery discharge from the nose, followed by a white muco-purulent flow, is not uncom- 
mon. A hard, barking cough is frequently present from the first and continues to 
the last. Sickness and vomiting may be present, but are far from constant. The 
bowels are often confined at first, and in certain cases, and even in nearly all tlie 
victims of particular outbreaks, may remain so throughout, nothing whatever being 
passed, or only a few small black pellets covered by a film of mucus. These cases 
are quickly fatal. More frequently, however, they become loose by the second or 
third day, and diarrhea increases at an alarming rate. The passages are first bilioas 
and of a light or brownish yellow when not colored by ashes, charcoal, or the nature 
of the foo I. But soon they assume the darker shades of green and red, or become 
quite black and intolerably offensive. In such cases the elements of blood, inspis- 
sated lymph, and membranous pellicles, sloughed off from the ulcerated surfaces, are 
usually to be found in them. 

The diarrhea becomes more profuse, watery, and fetid ; the pulse sinks so as to be- 
come almost imperceptible ; the cough J^ecomes more frequent, painful, and exhaust- 
ing ; the breathing is more hurried and labored ; and the weakness increases until 
the patient can no longer rise on his hind limbs. At this period the petecchisB become 
far more abundant. Before death the animal is often sunk in complete stupor, with, it 
may be, muscular jerking or trembling, or sudden starts into the sitting posture, and 
loud screams. In the last stages involuntary motions of the bowels are common. 

Exceptionally swellings appear on the flank, with extreme lameness, and extensive 
sloughs of the skin of the ears or other parts. Palpitations of the heart also occasion- 
ally occur as precursors, attendants, or sequels of disease. If the disease should take 
a favorable turn, slight causes may make an early and perfect recovery, a complete 
convalescence being established in three or four weeks. A considerable proportion 
of the survivors, however, linger on in an unthrifty condition for months, evidently 
suffering from the persistent ulceration of the Intestines or infiltration of the lungs. 
The mortality often reaches 80 or 90 per cent, of all swine exposed, and in case of a 
certain number of the survivors recovery brings no profit to the owner. 

Post-mortem appearances. — The blue color of the skin becomes deeper and more uni- 
versal a few hours after death. The fat beneath the skin is colored more or less 
deeply in points corresponding to the discoloration of the integument. The snout is 
usually of a deep blue, with ineffaceable black spots (petecchise). The membrane 
lining the eyelid, and to a less extent the skin, present similar black spots of extrav- 
asation. 

The most constant changes are in the mucous membrane lining the alimentary 
canal, and especially that of the terminal portion of the small intestine (ileum) and 
the commencement of the large (caecum, colon). The tongue is furred, but deep red, 
even eroded, at its base, and the pharynx and adjacent parts usually studded with 
petecchisB. The cavity of the abdomen generally contains a few ounces of reddish 
serum, which coagulates on being heated. The stomach may show no more than a 
pink blush, but more commonly it is of a deep red, from congestion, especially to- 
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ward the pylorus, and its mucous membrane is often black throughout from the close 
aggregation of petecchise. The small intestines are usually extensively congested, 
and of a deep red, in many cases approaching to black, as examined externally. 
Their mucous membrane in such parts is equally high colored, studded with petec- 
chise, and in some cases lined by a firm, semi-fibrinous exudation. A more constant 
condition is the presence of minute sloughs or erosions in the seat of petecchiaa, and 
of equally small elevations, due to excessive cell-growth, beneath the epithelium. 
These commonly have a whitish center, with a yellowish or red border. Such is the 
appearance in cases that prove fatal within two or three days. In those that have 
survived longer, extensive ulcers appear, of an inch and upward in diameter, evi- 
dently the sequel of the petecchiae, and especially of the eruption. 

These ulcers are often covered by black scabs or sloughs, have irregular projecting 
margins and a variously colored center, consisting of cells in process of disintegration. 
They are sometimes situated on Peyer's patches, but show no very marked preference 
for those over other portions of the mucous membrane. The large intestines present a 
similar varying vascularity, discoloration, petecchiaB, deposit, softening, and ulcera- 
tion. The changes are especially marked in the caecum and colon and in the rectum 
close to the anus. The solitary glands are often large and open, but the ulcers show 
no particular preference for the points occupied by them. Extensive extravasations 
of blood into the coats of the bowels and among their contents are not infrequent, and 
in certain exceptional and advanced cases the peritoneum is inflamed and false mem- 
branes bind the bowels together or to other organs, or to the walls of the abdomen. 

In the wind-pipe and air-passages within the lungs, the mucous membrane is usually 
mottled with black petecchise, or covered by a viscid raucous exudation. The anterior 
lobes of the lungs are often solidified by exudation, but remain bright, red, tough, and 
elastic (splenisation). Limited hepatization is also exceptionally met with, and even 
false membranes on the pleura or pericardium. 

Petecchise are common over the various internal organs — on the lungs, pleura, heart, 
pericardium, diaphragm, peritoneum, liver, pancreas, kidneys, and bladder. The 
spleen is large and dark, as is usual in connection with blood poisons. Both sides of 
the heart contain clots of blood, extending from the auricles and ventricles into the 
great vessels. In the worst cases, the clot is black, soft, and somewhat diffluent ; 
exceptionally it is firm, and shows a distinct buflfy coat. The blood-globules, as seen 
under the microscope, are more or less puckered or crenated at their edges, and mixed 
with an excess of granular debris and even in some instances spores of a fungus 
(micrococcus). 

As illustrating the various lesions in different cases, I append from my notes of 
post-mortem examinations two that occurred with two years* interval, near Edin- 
burgh and London, respectively : 

I. — ^No. 4. A three months' old, white Yorkshire pig in excellent condition. Exam- 
ined a few hours after death, being still quite warm, rigor mortis had set in strongly. 
Along the whole lower surface of the body, from the mouth to the tail, are spots of 
dark red or purple. On the right side of the head and left side of the chest the spots 
run into each other, so much that they seem to form a single continuous blush. On 
the back the spots are smaller and less numerous. There are no spots nor petecchise 
on the snout, but a glairy bloody fluid runs from the right nostril. 

The membrane lining the eyelid is congested, having a dark hue, approaching 
purple, and a portion of the mucous membrane of the rectum, exposed by the relaxa- 
tion of the sphincter, presents the same appearance. Dark red spots and petecchiae 
exist about the vulva. Under the belly is a subcutaneous layer of fat about an inch 
thick, and beneath the purple spots on the skin this is discolored by blood through- 
out the entire thickness. 

The abdominal cavity contains 6 ounces of a dark bloody fluid. The intestines 
have a deep florid hue externally. The stomach and the greater part of tl^e rectum 
are pale and without any lesions of the mucous membrane. Close to the anns this 
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membrane is coDgested. The stomach contains about two pounds of food (boiled 
potatoes, com, etc.). The small intestines have their mucous membrane thickened, 
0oft, friable, and very red, the shades b^ii^g lighter or deeper at different points. It 
presents at intervals spots of a much darker hue, approaching purple, and respect- 
iTely from one to two lines in diameter. The large Foyer's patch on the ileum seems 
hypertrophied and of a deep red, especially close to the ileo-caecal valve, where it 
Also shows small ulcers. The large intestines have their mucous membrane of a very 
bright red, soft, friable, and presenting at intervals small ulcers of about a line in 
diameter, and corresponding apparently to the solitary glands. Some of these ulcers 
are of a deep red, and appear on the peritoneal coat as dark spots ; others are of a 
dirty white in the center, with raised red edges, and are not so marked on the perito" 
neal surface. A small nodule felt through the outer coats is characteristic of both. 
The contents of the large intestines consist of dark semi-liquid feces, with a great 
amount of ashes. 

The liver is variable in color and very friable. Though still warm, it presents 
small bubbles of gas at intervals under its capsule and throughout its substances. 
The gall-bladder is half full of a very light-colored yellow bile. The pancreas seem 
healthy. The kidneys, bladder, and uterus are normal. 

The pleura and lungs appear health^^, excepting a portion of the anterior lobe of 
the left lung, which is in a state of splenisation. The bronchia contains bloody 
froth, especially in the left lung, and those of the solidified portion contain a white 
solid sub8t<ance, completely filling them, and appearing to the naked eye like a fibri- 
nous clot,while under the microscope it is found to be mainly composed of small glob- 
ules about the size of blood-cells. It is disintegrated and partly dissolved in' a strong 
solution of potassa. The mucous membrane of the larynx and trachea is congested 
and the tube filled with a white frothy mucus of an exceedingly tenacious consist- 
ency. 

II. — ^No. 2. Three months* old female pig, large of its age. Dead twelve hoars. 
Rigor mortis well marked. Skin almost universally of a livid hue, but purple along 
the abdomen. Back, white. Profuse eruption over the body, but especially abundant 
on the abdomen. The smallest, and evidently the most recent specimens of the 
eruption, are indi vidually about a line in diameter, deep purple, and covered by a 
delicate, slaty -looking skin. The larger spots have a dark, hard, dead center, which 
appears to spread gradually to the whole of the patch ; some appear as a large black 
scab of one-half to 1 inch in diameter. 

Abdomen contains 6 ounces of serum, which forms a solid coagulum on being heated. 
False membranes bind the large intestines to the lower wall of the belly, also the 
two horns of the uterus together and to the bladder, and both to the walls of the 
pelvis. The large intestines are the seat of an exudation half an inch thick, from 
which a straw-colored fluid escapes on section. The stomach is considerably dis- 
colored on its great curvature externally, as if from extravasated blood. The mucous 
membrane of the stomach presents numerous petecchisB and ramified redness along 
the great curvature. The small intestines show slight branching redness on part of 
the ileum. 

Large intestines.— -Csdcum. has its mucous membrane abnormally vascular; with 
abundant petecchisB, and ulcers of considerable standing ; these appear as white, 
raised masses, and have no manifest connection with the solitary glands. The blind- 
gut contains numerous ascarides. The mucous membrane of the colon repeats that 
of the csBCum, but at one point beneath its serous coat is a blood-clot measuring 1 
inch by half an inch, and a quarter of an inch thick. 

The liver is healthy. The diaphragm has abundance of petecchiae on its posterior 
surface, especially on the cordiform portion, and apparently leading in radiating 
lines from the center. Beyond the ptesence of petecchiae the organs of the chest seem 
to be little affected. 

Causes,— Contagion is the main cause of this disease. The introduction of diseased 
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pigs into healthy herds ; the placing of healthy pigs iu pens, cars, steam-boats, mar- 
kets, etc., where diseased swine, are then or have formerly been es:posed; afresh 
breeze from the direction of a diseased herd, though half a mile distant ; the passage of 
men or quadrupeds or birds from the diseased to the healthy ; the use of food, litter, 
or water that has been in near proximity to the affected animals, have each served to 
transmit the iever. ^ 

The virus appears to be concentrated in the bowel-discharges and liquids of the 
eruption, but doubtless exists in all the liquids and tissues of the body, and is given 
oif into the air from the skin and exposed mucous membranes. Pigs are often born 
sick, and die in twenty- four hours. The feeding-troughs and water, contaminated by 
the filthy feet and snouts, are particularly liable to convey the disease. 

The malady prevails at all the periods of the year, but it has opportunities for the 
widest diffusion in dry seasons and countries, where the virulent matter may be dried 
up and preserved unchanged for an indefinite period, and in this state may be car- 
ried by winds and otherwise. Wet weather contributes to the decomposition and 
destruction of this, as of any other animal poison, but can not influence its propa- 
gation by the direct contact of healthy with diseased animals, nor affect its preserva- 
tion inside dry buildings. 

Unwholesome conditions of life contribute largely to its diffusion, if not to its de- 
velopment de novo. The malady frequently appears in pigs that have been carried 
several days in succession in crowded boats or cars, among the accumulated filth of 
their own bodies and those of their predecessors, and subject to compulsory absti- 
nence from food and water. Again, it will occur in fat hogs that have been driven 
a number of miles under a hot sun and then cooped up in a filthy, close, ill- ventilated 
pen, subjected to the reeking fumes of their own bodies and of long-accumulated 
nastiness. Many think that dry-corn feediug and overcrowding on filthy manure 
heaps are largely productive of the disease. But it is too much to assume that the 
poison is developed de novo in such conditions. Similar unwholesome influences favor 
the development of all contagious diseases by loading the blood with effete and dele- 
terious organic matter, and bringing about a feverish and susceptible state of the 
system. But, on the other hand, such abuse and maltreatment fail, in very many 
cases, to induce the afiection, so that we are left in doubt in regard to those instances 
in which it appears as to whether the virus was not hidden away in the buildings, 
cars, etc., and roused into activity by the presence of a fertile field for its growth in 
the bodies of the pigs, the blood of which was loaded with organic elements in proc- 
ess of decomposition. The important point is this : We know this as a contagious 
affection, to the propagation of which all probable insalubrious conditions contribute. 
So soon as we concentrate our attention on this point we have the key to its preven- 
tion, if not to its entire extinction. But, while admitting the influence of over- 
crowding; filth, starvation, and suffering in predisposing to this disease, it ought to 
be added that the very highest mortality is often reached among pigs kept in the 
best hygienic condftions, but among which the virus has been accidentally intro- 
duced. Again, some hogs, and even families, appear to be insusceptible, and resist 
the poison which is carrying off all around them. But similar instances of immunity 
are met with in all contagious affections. 

Treatment — In a fatal contagious disease like that under consideration it is rarely 
good policy to subject to treatment. The enormous increase of the poison in the 
bodies of the sick, and the extreme danger of its diffusion through the air, as well as 
on the feet of men and animals, render the preservation of the victims eminently un- 
safe and unprofitable. Yet, in the case of very valuable animals, and where seclu- 
sion, disinfection, and careful nursing can be secured, it may be resorted to. 

A dry, airy, well-littered building may be provided, abundantly sprinkled with a 
solution of carbolic acid or chloride of lime. Eugs steeped in a solution of one or 
other of these agents may be hung up at intervals, and sulphurous acid set free by 
burning a pinch or two of sulphur three or four times a day. The dung should be 
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saturated or thickly sprinkled with finely powdered copperas. Any drains will re- 
quire disinfection in the same way. If the sick animals are kept in the open air, the 
ground must be freely sprinkled with disinfectants^ above all where the dnn^ has 
been deposited. 

The diet should be well boiled gruel of barley, rye, or Graham flour; or, if fever 
runs high and the temperature is raised by such food, corn-starch made with boiling 
water or milk may be substituted. Fresh, cool water should be freely supplied, either 
pure or slightly acidulated with sulphuric acid. 

During the early stages, while constipation exists, the bowels may be gently opened 
by castor oil (2 ounces for a good six-months' pig) or rhubarb (1 dram), aided by in- 
jections of warm water. The heat of the skin must be counteracted by sponging 
with cool or tepid water, as may seem most agreeable to the patient. As the laxa- 
tive operates, 20 grains of nitrate of potash and 10 grains of bisulphite of soda may 
be given twice a day in the drinking water. Charcoal may also be given to absorb 
and neutralize the deleterious products in the bowels. Or the niter may be replaced 
by any other neutral salt and the bisulphite by another antiseptic agent. If the pa- 
tient survives the first few days and gives indications of ulceration, by tender abdo- 
men, diarrhea, and the passage by the bowels of membranous sloughs, oil of turpen- 
tine, in doses of 15 or 20 drops, may be given, shaken up in milk or beaten in an egg ; 
or this may be replaced jby similar doses of creosote or carbolic acid, or 3 to 5 grain 
doses of nitrate of silver. It may be necessary to give opium to check excessive 
purging, or stimulants to sustain the failing strength and very prostrate condition. 
Infiltrations and inflammations of the lungs and bowels may demand applications of 
mustard and turpentine 1o the chest or abdomen. In short, any complication mnst 
be combated as it appears, and the soundest Judgment will be wanted throughout to 
adapt the treatment to the various indications. Each case will demand as close at- 
tention and as careful an adaptation of remedial measures to its different stages and 
phases as would a case of typhoid fever in man. In case of recovery a course of tonics 
(gentian one-half dram, sulphate of iron 10 grains daily) will often be beneficial, and 
the return to ordinary feeding should be brought about by slow degrees. 

Prevention, — A successful system of prevention can only be instituted when we duly 
appreciate the fact that almost all cases of this intestinal fever are due to contagion. 
And this is precisely what our hog breeders fail to realize. No man in his senses will 
affect to deny that the disease is contagious, but the natural tendency is to seek for 
other causes in the great majority of cases. As in the case of all contagious affections 
that have attained a wide prevalence, this presents a number of outbreaks which can 
not be traced to contagion from any diseased stock, and these are at once assumed to 
be spontaneous, and the cause of the disease is sought in the peculiar treatment of 
the herd, and future prevention is attempted by the avoidance of these peculiarities. 
In illustration, I may quote from a letter of Mr. I. F. Hatch, an intelligent Illinois 
farmer, and former student of Cornell University : 

In former years hog cholera has been local with us except when it first appeared, 
some ten or twelve years since. Then, as now, it was general, and swept everything. 
But since then it has been confined to a few farms or localities. Sometimes it ap- 
peared on a single farm, or perhaps on several farms, 1, 2, or 3 miles apart, all others 
escaping. I have a neighbor who has had it every second year since its first apppear- 
ance, losing more or less hogs each time, but his is the only case of which I have been 
informed where it has been so regular and often. 

This irregularit3' and local appearance deluded us into the belief that we were pre- 
venting the disease by extra care and attention, and that salt, sulphur, and ashes 
were a preventive ; but we have been effectually undeceived this time, for hogs that 
have been doctored thus fared no better than those that had not. 

There is one man here whose hogs have escaped the disease entirely, and he has 
fed for a number of years once a week, or once in two weeks, corn boiled in the ear 
with ashes — lyed corn, as they call it — putting a peck of wood-ashes into a 40-gallon 
kettle. He tells me he has had no cholera since he adopted this plan, and his hogs are 
certainly good subjects for cholera — poor, half-fed, and sleeping in a pile under the 
barn. He says others have tried this plan and successfully warded off the disease. 
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He goes on to quote instances of alleged prevention by feeding house-slops without 
com, and by giving once a week a feed of the boiled jowls and waste parts of the pigs 
killed the year previous, and adds : 

Generally diseased hogs run, sleep, and eat with the others, it being the general 
opinion that they'll all have it anyway, so no matter. I am of a different opinion. 
A few change the yards and sleeping places, but generally they stay in the same 
places throughout the disease. No attention is paid to disinfection. 

These alleged preventives are doubtless somewhat beneficial by maintaining a 
free action of the bowels and kidneys, and favoring the elimination of the poison, as 
does diarrhea in the milder cases of the disease. But there need be as little doubt 
that, like the salt, sulphur, and ashes, they would all fail in the presence of a strong 
dose of the poison. Meanwhile, they are made to serve an evil purpose in diverting 
attention from the one effectual means of restricting the disease, the extinction of 
the poison. It must be fully recognized that neither contact nor proximity is neces- 
sary to contagion. The poison may be carried a certain distance on a stream of water 
without losing its vitality. It may be blown a long way by a favorable wind, when 
dried up, on light objects. It may be carried on the boots, hands, etc., of men 
(dealers) passing from farm to farm and from district to district. Horses, cattle, 
sheep, dogs, fowls, pigeons, and wild animals of all kinds are liable to carry the virus 
on their feet and limbs, and to deal out death to the pigs at places widely separated 
from each other. It is, therefore, quite impossible to trace all new outbreaks to con- 
tagion. But to attribute them to spontaneous evolution of the disease is to beg the 
whole question. 

It can be freely conceded that a certain number of cases probably originate spon-> 
taneously every year ; but these are few and far between as compared with the enor- 
mous mortality caused by contagion. It can be equally conceded that certain seasons 
are far more favorable to the propagation and virulence of the disease than others, 
yet even in these the great majority of cases are infectious. It can be admitted even 
that a wholesome laxative diet is to some extent protective, as well as comfortable 
dwellings and antiseptic agents, like copperas, bisulphite of soda, charcoal, or car- 
bolic acid. But all such protectives are comparatively limited in their operation, 
and, though they seem to have saved a few isolated herds, will fail disastrously if 
generally relied on. The epizootic influence, too, though apparently all-powerful in 
localities where the poison has already penetrated, fails to produce the disease in the 
neighboring States not previously infected. We can not give too much attention to 
secure the best sanitary conditions of life for the hogs, but if we allow a few of these 
so to engross our attention that our eyes are blinded to the most important of all — 
the prevention of contagion — we shall only spread the poison and increase the de- 
struction of our herds. On the other hand, the highest success must attend such 
measures as will stop the production of the poison and destroy and render innocuous 
what is already in existence. 

Diseased pigs must be removed from the healthy, killed, and buried. A thorough 
disinfection of all buildings, yards, and manure must be made. Chloride of lime or 
zinc, sulphate of iron, or carbolic acid may be used for all solids, floors, troughs, 
walls, etc., and for drains ; and sulphurous acid or chlorine for the atmosphere. The 
sulphurous acid may be produced by burning sulphur, and the chlorine by adding oil 
of vitrei to common salt and a little black oxide of manganese. The surviving pigs 
mast be carefully watched for the first signs of illness. Any unusual sluggishness, 
stiffness, or inappetence, or any disposition to leave the herd, demands a careful ex- 
amination ; and if there is heat or shivering, and, above all, if the thermometer in- 
troduced into the rectum indicates a temperature above 103^ Fahrenheit, the animal 
should be at once separated from the herd, and destroyed as soon as unequivocal 
symptoms of the malady are shown. Care should be taken to avoid the possibility of 
contamination by water which has passed infected hog-pens or fields. If the malady 
exists within a wide radius, the visits of dealers and others must be absolutely for- 
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biddeo, and a similar prohibition should attach as far as possible to quadrupeds and 
birds, wild and tame. Disinfectants may even be given to the sound animals that 
have been exposed to contagion. A table-spoonful of charcoal, animal or vegetable, 
may be given daily to each pig in its food. Twenty grains of bisulphite of soda, or 
ten drops of carbolic acid, or 10 grains of sulphate of iron may be used instead, and a 
tea-spoonful each of sulphur and gentian may be added with advantage. When a herd 
has been freed from the disease, a most exhaustive disinfection of the whole premises, 
manure, and other products is imperative, and it is usually desirable to change the 
site of the hog-pen and run to obviate any future effects of this most virulent conta- 
gion. Old and rotten wood work should be burned. 

In purchasing pigs, buyers will consult their interests by avoiding markets, and 
going rather to the breeders whose stock is known to be healthy, and by seeing^ per- 
sonally to the thorough cleansing and disinfection of loading-banks, cars, boats, etc., 
which they must use in bringing them home. And after all such precautions, newly 
purchased swine should invariably be placed in quarantine, at a safe distance from 
other hogs, and kept there for three weeks, with separate attendants, until they have 
been proved sound. 

As in the-case of other fatal contagions, this could doubtless be kept in check, or 
even completely extinguished, by a uniform system of destruction of the infected, 
and disinfection of their carcasses and all with which they have come in contact. 
Such a proceeding would imply an amount of governmental supervision and pecuni- 
ary outlay that would be profitable in the long run, though the past experience of 
the American people have scarcely prepared them to sanction it. 

In 1877, a paper written by H. J. Detiners, Y. S., giving his obser- 
vations of the disease generally called hog cholera, and bis conclusions 
as to its nature, was reprinted in the annual report of the Department 
of Agriculture. Dr. Detmers proposed to call the malady "epizootic 
influenza of swine,'' and he divided it into (1) " the catarrhal rheu- 
matic form," (2) " the gastric-rheumatic form," (3) " the cerebro-rheu- 
matic form," and (4) "the lymphatic-rheumatic form." The causes of 
the disease he divided into three classes, and he writes : 

As belonging to the first class I look upon everything that will interrupt or disturb 
the perspiration ; in the second class I place all such noxious influences and agencies 
as interfere directly with the process of respiration ; finally, in the third class, I put 
all such noxious agencies or injurious influences as tend to aggravate the disease if 
already existing, by aiding in making its character more typhoid, or which produce 
a special predisposition by weakening the constitution of the animal. 

In regard to the contagiousness of the affection he says: 

Still I think the epizootic character of the fearful spreading of the disease can be 
satisfactorily explained without the existence of a contagion. 

The above extracts show the most divergent views among physcians 
and veterinarians as to the cause and nature of the epizootics among 
swine. At the same time there were equally wide differences of opinion 
among swine-breeders and the contributors to tlie agricultural press. 
In short, there was the greatest uncertainty and confusion of ideas not 
only as to the characters of the disease or diseases, but as to the most 
elementary principles to be applied for prevention. 

It was just at this period (1878) that Congress provided for the first 
investigation of swine diseases by making an appropiiation of $10,000 
for this purpose. The beginning of this investigation, which has been 



29 

coutinaed with short iDterraptions until the present time, marks a new 
era in our knowledge of swine epizootics and of contagious diseases in 
general. It was just at the time when the biological researches of Pas- 
teur in regard to fermentation were attracting so much attention, and 
had already inspired Lister to make his discoveries in antiseptic sur- 
gery, and Koch to institute those researches which definitely connected 
the bacillus anthracis with the causation of charbon. The time was 
propitious, therefore, for the institution of a new line of researches, in 
a direction which even then promised much, and which since has prac- 
tically revolutionized the position of medical science as to the nature 
of contagion and the methods most important for its control. 

The writings of Drs. Sutton, Snow, and Law gave a very correct state- 
ment of the symptoms said post mortem appearances of the organs usually 
found in the swine epizootics of this country. They covered about all 
the points which can be decided by ordinary field observations, but they 
left many questions still unsolved which it was necessary to determine 
before measures of prevention could be formulated and made successful. 
There were many who believed that those epizootics were due to the 
ravages of more than one disease, and there were also many who held 
that contagion and infection played no part in their extension. As to 
the nature of the agent or agents which caused the outbreaks, or the 
conditions which were required to i>revent their destructive ravages, no 
results of value had been obtained, or indeed could be, without a more 
systematic and persistent investigation, with all the instruments, ap- 
paratus, and laboratory facilities which are required to work out the 
obscure problems of pathological science. As with other contagious dis- 
eases of men and animals, the instruments of the post-mortem case had 
been the means by which a certain amount of information had been 
gained, but there were problems which they could not reveal, and for 
these the microscope, the culture apparatus, the biological and chemi- 
cal laboratories were necessary, and without these a reliable solution 
could not be reached. 

For the investigations of 1878 nine men were appointed for a period 
of two months each, as follows : Dr. H. J. Detmers, Illinois ; Dr. James 
Law, New York ; Dr. D. W. Yoyles, Indiana ; Dr. D. E.Salmon, North 
Carolina; Dr. Albert Dunlap, Iowa; Dr. E. F. Dyer, Illinois ; Dr. A. 
8. Payne, Virginia } Dr. J. N. McNutt, Missouri ; Dr. 0. M. Hines, Kan- 
sas. The researches were to be made in the field in different sections 
of the country, and various remedies, suggested as applicable to the 
treatment of epizootic diseases, were to be tried. The result of this 
investigation may be summed up practically as follows : (1) Swine dis- 
eases were found destructive in the most widely separated districts of 
the country. (2) The symptoms and lesions enumerated were similar to 
those formerly given by Drs. Sutton, Law, and Snow. (3) No evidence 
was discovered to show the existence of more than one disease which 
prevailed as an epizootic. (4) There was a preponderance of opinion 
that the outbreaks were due to contagion and that the disease was com- 
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municable. (5) The remedies tested either produced no effect or were 
of doubtful value for the treatmeut of affected animals or for guarding 
against the contagion. 

There were two points of more than usual interest raised in the inves- 
tigation. In the course of Dr. Law's investigations he made inocula- 
tion experiments with rabbits, rats, and sheep, which he thought dem- 
onstrated the communicability of the disease that he investigated. 
Dr. Detmers devoted more of his time to microscopical investigations, 
and asserted that he had discovered a specific micro-organism, which 
he called the Bacillus auiSj and that he had demonstrated its pathogenic 
connection with the disease. 

Both of these conclusions must now be looked upon as premature and 
not supported by the direct and positive evidence which is necessary 
to establish such important points. That Dr. Law produced disease in 
the experimental animals which he inoculated is not to be doubted for 
a moment, but that it was the same disease and caused by the same 
microbe which produced the swine epizootics of the country could only 
be definitely determined after the microbes of the swine diseases had 
been identified and their characters established. Very frequently in 
inoculating with the products of disease taken from dead animals, septic 
disorders are caused in the inoculated animals which are entirely dif- 
ferent in nature from the malady which caused the death of the indi- 
vidual inoculated from. To determine, therefore, whether the disease 
induced is identical with the disease which we propose to propagate by 
inoculation it becomes necessary to determine the microbe which causes 
the morbid changes in each case. At that time neither of the microbes 
which we have since identified and studied in swine epizootics in this 
country had been discovered, and consequently the line of evidence 
just indicated was impossible. 

Dr. Detmers's culture experiments were too crude and primitive to be 
of any value, even in the condition in which bacteriological science was 
at that time; and his descriptions of the germ might be applied with 
equal accuracy to many different species of micro-organisms. For this 
reason no attempt will be made in this volume to give the details of 
either the culture or inoculation experiments which he made. While 
failing to obtain the evidence necessary to establish the connection of 
any micro organism with the production of this malady, this and sub- 
sequent reports of Dr. Detmers had some effect in directing the atten- 
tion of investigators in this country to bacteriological researches as a 
promising field in which to search for the hidden mysteries connected 
with this class of diseases.* 

* It is dae to justice to state in this connectioa that, whereas the appointments lim- 
ited the work of those selected for the investigations of 1878 to a period of two months, 
Drs. Detmers and Law were subsequently given an opportunity to continue their in- 
vestigations for a much longer period. It is also proper to state that several months 
before the investigations of 1878 began, Dr. Klein, of London, had published investi- 
gations which he believed established the fact that the swine epizootics of Great 
Britain were caused by a bacillua. See Quarterly Journal of Microscopical Scieuce. 
April, 1878. 
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The investigations of the Department of Agriculture were continued 
in 1879 by Drs. Law and Detmers ; in 1880 by Drs. Law, Detmers, and 
Salmon, and in 1881-'82 by Drs. Detmers and Salmon. The efforts of 
Dr. Law were largely directed to obtaining a modified virus for prevent- 
ive inoculation, a doubly difficult and discouraging task before the mi- 
crobes of the diseases had been discovered and studied. While his 
results were more or less encouraging, no conclusions of practical value 
as to a method of preventive inoculation were established. 

Dr. Detmers continued his microscopic observations and modified his 
first descriptions of the microbe so far as to speak of it in later reports 
as a micrococcus. The author devoted the greater part of his time during 
these years to an investigation of southern cattle fever and fowl cholera, 
but incidentally investigated a number of outbreaks of swine diseases. 
He found micrococci in the liquids of the affected animals, which he 
cultivated and inoculated into other animals, but his results were not 
sufficiently positive to demonstrate their connection with the disease. 

There was here a period of about four years when the investigations 
of swine diseases gave no very decided advance in our knowledge of 
the subject. The reason for this was that the investigation had been 
carried about as far as was possible by the methods then employed. 
To get a better insight into the nature of the epizootics and the pecu- 
liarities of the contagion, it was essential that the pathogenic microbes 
should be discovered and accurately studied. The investigators saw 
this and were working iu the proper direction, but at that time bacteri- 
ological science was young and the methods of research had not been 
clearly worked out. Another and equal difficulty was the fact that 
the investigators were working without proper laboratory facilities and 
apparatus for such researches, without assistants, and some of them 
were devoting much of their time to other duties. Under such condi- 
tions it is next to impossible to reach successful results in such a diffi- 
cult field of study. These difficulties were not fully appreciated either 
by the officials of the Department of Agriculture or by the stock -owners 
of the country, for the reason that such investigations were new to them 
and their requirements but imperfectly understood. It was not expected 
that a chemist would go into a sorghum field and discover the propor- 
tion of cane sugar in the sorghum cane without apparatus or laboratory 
facilities, but it was expected that the veterinarian would make much 
more difficult and delicate investigations than these with no other aids 
than an ax, a butcher knife, a scalpel, and a microscope. 

The author saw that more facilities must be provided for these in- 
vestigations, and the work systematized and properly divided, or the 
final result would be disappointment and failure. It was through his 
urgent representations that a beginning was made in 1883, by securing 
an unoccupied room under the roof of the Department building, which 
was fitted up as a laboratory, and by obtaining permission to rent a 
small place in the suburbs of Washington on which to keep experi- 
mental animals* 
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The year 1883, however, was one in which the necessity of investigat- 
ing the prevalence of the lung plague or pleuro-pneumonia of cattle 
became too urgent to admit of delay. There were frequent outbreaks 
which it was the duty of the chief of the veterinary division to visit 
and give assistance to the State authorities as to their diagnosis and 
eradication. This precluded any systematic investigations of swine 
diseases. The spring of 1884 brought the extensive outbreaks of ergo- 
tism in Kansas, Missouri, and Illinois, which alarmed the whole coun- 
try, and which demanded instant attention ; and these unfortunately 
were followed, in the summer, by the outbreaks of pleuro-pneumonia in 
Ohio, Illinois, and Kentucky, which required the constant attention of 
the chief veterinarian and prevented scientific researches for several 
months. 

The investigations during the years 1883 and 1884 were, therefore, 
too much interrupted to allow the number of experiments and the thor- 
ough working out of details which was desirable. The time was not 
entirely barren of results, however, in the investigation of swine dis- 
eases. The laboratory was fitted up and suitable microscopic and bac- 
teriological apparatus obtained. Able assistants were selected and 
placed in charge of the different branches of the work. The lines of 
research were marked out and such arrangements made as would per- 
mit of the intelligent prosecution of the work, even in the absence of 
the chief of the bureau. 

This systematization of the investigations, with the employment of a 
I)roper number of persons to keep the different lines of study advancing 
uniformly, was followed almost immediately by the most important de- 
velopments. In 1885 a motile bacillus was discovered to be the cause 
of hog cholera, and its leading characteristics were accurately de- 
scribed. In 1886 the production of immunity by chemical products was 
demonstrated, the effect of disinfectants on the hog cholera contagion 
was thoroughly studied, and the presence of swine plague, a second 
epizootic disease of swiue, was discovered. These discoveries solve the 
most important problems connected with swine epizootics and give a 
secure scientific basis from which to work in future. In fact these dis- 
eases are now much better understood than are most of the contagions 
diseases of people, and the measures applicable, in the present condi- 
tion of science, to their prevention are equally ai^ apparent as are those 
which are applied to the plagues of mankind. 

In the sections of this work which follow the details of the investiga- 
tions of hog cholera made since 1884 are given as fully as are consid- 
ered necessary to an understanding of the different phases of the sub- 
ject. The account of the experiments in regard to swine plague are 
reserved for publication in a separate volume, which it is hoped will 
appear within a few months. 



SYMPTOMS AND POST-MORTEM APPEARANCES IN HOG CHOLERA. 



The symptoms are not entirely characteristic, owing to the many 
forms which the disease may assume. It is moreover quite trouble- 
some to make careful thermometric and other clinical observations on 
swine, which enhances the difficulty of exactly determining the course 
of the malady. In general we may regard the disease as manifesting 
itself in ah acute and a chronic or mild form. 

Of the acute form very little need be said. The animals die very 
suddenly, without having been sick for more than a few hours to a day. 
The chronic disease may last from three weeks to several months. The 
animals grow stupid and dull, they refuse to eat, and are apt to sepa- 
rate themselves from the rest of the herd. They grow weak, and their 
movements become slightly tottering. A common symptom is diar- 
rhea, which may appear very soon after the animal becomes sick and 
last until it dies. In protracted cases the liver may become ^|0:ected 
secondarily through the impaired condition of the large intestine. 

The following symptoms, as noted for three or four years by Dr. Kil- 
borne at the experiment station of the Bureau, will show how little 
there is upon which we can depend for a diagnosis during life. 

The temperature of healthy pigs ranges between l.Olo and 104jo F. 
With sick animals it may rise from 1^ to 3° above the temperature ob- 
served in health. Frequently this elevation is absent. During an out- 
break elevation of temperature may be considered diagnostic, but ab- 
sence of such elevation proves nothing, since an animal may die with- 
out having 'shown any rise of temperature during the disease. There 
is rarely any cold or shivering stage. The sick animals are dumpish, 
spiritless, and lie quietly in a corner or huddle together, hiding the 
head under the litter. They refuse to move even when disturbed, and 
are more or less oblivious to surroundings. 

There is more or less loss of appetite. They usually continue to eat 
a little^ however, and often the appetite is scarcely impaired during the 
whole course of the disease. Acute cases may be seen feeding before 
they are found dead an hour or so later. In most cases the stomach is 
well filled after death. 

The bowels may be costive at the outset or continue apparently 
normal for some time, or they soon become costive, and remain so in 
some cases throughout the disease. In the later stages diarrhea of a 
15612 H C 3 33 
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liquid, fetid character appears in many cases. The color of the dis- 
charges depends largely upon the feed. In slop or garbage fed pigs 
they are usually of a dirty black color. In those fed with grain they 
are light yellowish. The diarrhea persists until death. Vomiting is 
absent. 

Respiration is only occasionally quickened and labored in the later 
stages. The pulse is more rapid than in health, but its determination 
unsatisfactory, owing to the struggle of the animals when held. Cough 
is infrequent, and then only heard when the animals are aroused, as a 
single effort or in paroxysms. 

The skin is frequently found reddened on the nose, abdomen, inside 
of limbs, the ears, and over the pubic region. The redness is diffuse, 
varying from a slight blush to a deep bluish red or purple. It increases 
as death approaches, and is usually found at the autopsy. A skin 
eruption appears occasionally, which is followed by crusts or scabs of 
varying size. Reddening of the skin is a sympton common to the other 
swine diseases — rouget and swine plague. 

The eyes are apt to be watery. This is frequently the first outward 
sign. Later the discharge becomes thick, yellowish, often gumming 
the lids together. 

Towards the end of the disease the animals have a gaunt appearance, 
with arched back and staring coat. Emaciation is very rapid. The 
weakness manifests itself in a staggering, uncertain gait, as if the 
animal i^ere about to fall. Death ensues quietly. Rarely convulsive 
kicking is observed. The mortality is very high, usually from 80 to 90 
per cent, of those attacked die. 

These symptoms vary in intensity, and only a certain number are seen 
in one animal at the same time. In very chronic cases only the autopsy 
enabled us to make a diagnosis. 

LESIONS PRODUCED BY HOa CHOLERA.— POST MORTEM APPEAR- 
ANCES. 

(See Plates I-VIII inclusive.) 

a. The acute type, — This might with equal propriety be called the 
hemorrhagic type, inasmuch as the chief and perhaps the only changes 
are hemorrhagic in character, and these lesions are seen most clearly 
when an animal is examined immediately after death. The spleen is 
variably enlarged, soft, gorged with blood. Sometimes it is twice as 
long as the normal spleen (the other dimensions being proportionately 
increased), and it may extend across the median line to the right side. 
Next to the spleen the lymphatic glands and serous membranes are 
most severely involved. The cortex shows, on section, as a hemor- 
rhagic line or band, according to the amount of extravasated blood, or 
the entire gland may be infiltrated with it. Among the glands most 
commonly hemorrhagic are those of the meso-colon (large intestine), 
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those at the root of the lungs (bronchial), and on the posterior thoracic 
aorta. Besides these, the retro-peritoneal and gastric glands (lesser 
omentum) may be involved. Most rarely the mesentric glands show 
extravasations to a slight extent. Hemorrhages are also quite frequent 
beneath the serous surfaces of abdomen and thorax. They are most 
abundant under the serosa of the large and small intestines as petec- 
chisB and larger patches. They are occasionally found under the peri- 
toneam near the kidneys, the diaphragm, the costal pleura as extrava- 
sations nearly an inch across. 

The lungs, in a small percentage of cases, show subpleural ecchy- 
moses in large numbers, and on section small hemorrhagic foci are ob- 
served throughout the lung tissue. In a few cases severe hemorrhages, 
involving one or more lobes, have been observed. The kidneys are oc- 
casionally the seat of extensive hemorrhagic changes. The glomeruli 
appear as blood red points; larger extravasations occur in the medul- 
lary substance, and blood may collect around the apices of the papil- 
lae. The subcutaneous tissue over the ventral surface of the body may 
be dotted with petecchise and occasionally collections of blood (hsemato- 
mata) are found in the superficial muscular tissue. The brain and 
spinal cord have not been examined for want of time. In one case, 
however, in which they were laid bare, petecchiae were seen on the cere- 
bellum. 

The digestive tract usually is the seat of extensive lesions. The fun- 
dus of the stomach is as a rule deeply reddened ; there may be more 
or less hemorrhage on the surface, giving rise to patches or larger sheets 
of blood clots. The small intestine in some cases has submucous ecchy- 
moses throughout its entire length. In the large intestine the ecchy- 
moses may be so numerous as to give the membrane a dark red ap- 
pearance. The food is now and then found incased in sheets of blood 
clot due to hemorrhage on the surface. 

b. The chronic form is perhaps the most common, at least in those 
epizootics which we have studied. The acute hemorrhagic cases usually 
die in the beginning of an outbreak and are apt to be overlooked. Fol- 
lowing these are the more protracted, milder cases. In these animals 
the disease is apt to be limited in its severe manifestations to the 
large intestine. The other organs, however, are not exempt from degen- 
erative changes, owing in part to the impairment of the functions of the 
large intestine, consequent fermentations and the absorption of poisons 
thereby produced, in part to the presence of the specific bacteria in the 
spleen and presumably in other organs where they exercise their poison- 
ous activity. 

The lesions of the large intestines are necrotic and ulcerative in char- 
acter. The ulcers may be isolated and appear as circular, slightly-pro- 
jecting masses stained yellowish or blackish or both in alternate rings. 
Or they may be slightly depressed and somewhat ragged in outline. 
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When the superficial slough is scraped away many ulcers show a gray- 
ish or white bottom. A vertical section reveals a rather firm neoplastic 
growth, extending usually to the inner muscular coat. When sections of 
such an ulcer are stained with aniline dyes and examined under the micro- 
scope we notice the submucous tissue very much thickened, infiltrated 
with round cells, and containing a large number of dilated vessels. 
Resting upon this thickened submucosa is aline of very deeply-stained 
amorphous matter, and upon this is situated the necrotic mass which 
fails to retain the coloring matter and is penetrated by an immense num- 
ber of bacteria of various kinds. Frequently ova of trichocepJuUus are 
imbedded in the slough. 

The extent of the submucous infiltration depends upon the age of the 
ulcer. In old ulcers it contains many newly-formed capillaries, and 
evidences of the formation of connective tissue are present. The 
capillaries may extend to the very edge of the border where the slough 
begins. The latter may have been partly shed, leaving a smooth line 
bounding the cicatricial tissue. The submucous infiltration gradually 
disappears as we leave the center of the ulcer, and somewhat outside 
of the ulcer no inflammation of the membrane is observable. Giant 
cells may be seen in some cases in the intertubular tissue at the edge 
of the ulcer. In very young ulcers it is frequently possible to observe 
the fundi of the tubules intact, while the inner or free half is converted 
into an amorphous mass. The depth to which the infiltration extends 
is not always limited to the submucosa; it may extend into the muscular 
coats and cause inflammatory thickening there and inflammation and 
the formation of new vessels in the subjacent serosa. 

In some cases the necrosis, instead of appearing in circumscribed 
ulcers from one-sixteenth to one-half inch or more across, involves the 
whole surface of the mucosa, giving it the appearance of a so-called 
diphtheritic membrane. In such cases the walls of the intestine are 
very much thickened and so friable as to be easily torn with the for- 
ceps in handling. Such necrosis is rare in spontaneous cases, but it 
quite invariably appears in animals which have been fed with pure 
cultures of hog cholera bacilli. 

The distribution of the ulcers varies but slightly. They appear most 
frequently in the caecum and on the ileo-caecal valve, as well as in the 
upper half of the colon. The lower half is implicated in severe cases 
only, and then less extensively. The rectum is only very rarely ulcer- 
ated. The lower portion of the ileum is ulcerated in a small percentage 
of animals, especially when they have been fed with hog cholera vis- 
cera or cultures. The stomach is occasionally the seat of slight ulcera- 
tion. The lymphatic glands of the affected intestine are usually much 
enlarged, pale, tough, whitish on section. The spleen is rarely enlarged; 
the liver shows degenerative changes (softening of the parenchyma, 
increase of connective tissue). Heart and lungs are usually normal. 
The lobular pneumonia frequently found in young pigs in t\\e winter 
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months mast be ascribed primarily to exposure rather than to the dif^- 
ease, as will be shown subsequently'. 

In some outbreaks the acute and the chronic types of .the disease are 
not so clearly distinct as given in the foregoing pages. . Frequently re. 
cent hemorrhagic lesions seem to be grafted upon cases presenting ex- 
tensive ulcerations, which certainly are much older than the extravasa- 
tions. It may be that the latter are the result of a secondary invasion 
of the hog cholera virus, either from the ulcers in the intestine or from 
without. 

HISTORY AND AUTOPSY NOTES OF AN OUTBREAK OF HOG CHOLEEA. 

There is perhaps no better way to illustrate this disease than by giv- 
ing briefly the history of an outbreak in a single isolated herd. In the 
following pages are recorded the autopsy notes and the bacteriological 
examination of such an outbreak near the city of Washington during 
the months of November and December, 1887. A study of this out- 
break was taken up to ascertain more especially the condition of the 
lungs in hog cholera. As it is the fifth or sixth which has been observed 
during the past three years less attention was paid to careful bacterio- 
logical observations. At the same time this phase was by no means 
neglected, as the notes will show. The history of the outbreak as far 
as could be ascertained was briefly as follows : On October 28, there 
were in all one hundred and nineteen swine, chiefly young pigs, weigh- 
ing from 50 to 100 pounds. Most of these had been purchased in the 
city markets. At this same time some twenty boar pigs were castrated. 
Within two weeks these began to die, and soon after the others took 
sick, dying at the rate of three to four a day. Less than three weeks 
after the first deaths only sixty-seven remained out of the one hundred 
and nineteen. At the end of the year only about a dozen were alive out 
of the entire herd. These may have acquired immunity. 

The animals were kept in pens on the top of a hillock sheltered from 
the weather by large boxes. They were swill-fed, and this may account 
for their feeble resistance to the disease. In most of them there was a 
cirrhosis of the liver, with softening of the parenchyma, which was prob- 
ably induced by the feeding. The origin of the epizootic could not be 
traced, as the animals had come from various quarters. The city markets 
had proved themselves in the past the source of disease in several pur- 
chases of pigs for experimental purposes. 

The autopsy and bacteriological notes will be given in the order in 
which the animals were examined, any general remarks being reserved 
for the end. The rapidity with which the animals succumbed to the 
disease made any very thorough examination quite impossible, since it 
seemed more desirable to utilize all the material by examining those 
organs most always diseased in hog cholera. Most attention was paid 
to the lungs and the digestive tract, while the lungs and the spleen 



38 

were the only organs examined bacteriologically. These notes will 
serve to supplement the autopsy notes in the reports for 1885 and 1886. 

In making cultures from the spleen the following method was usually 
adopted. At the autopsy the abdomen was carefully laid open by first 
removing the skin and then cutting through the abdominal mascles 
with flamed instruments. The flaps laid back, brought into view the 
spleen not touched as yet by any instrument. It was then drawn ont 
with flamed forceps, severed from its attachments with flamed scissors 
and placed in a large bottle plugged with cotton wool which had been 
previously subjected to a temperature of 15(P-1&P 0. for two hours. 
In this way it was taken to the laboratory and either immediately ex- 
amined or kept in the refrigerator below 55^ F. over night. In making 
cultures the spleen was placed on a sterile glass support and the surface 
thoroughly charred with a red-hot platinum spatula. This was always 
done, although seemingly unnecessary when we consider the momentary 
exposure to the air in transferring the spleen from the abdomen to the 
sterile bottle. It may, however, destroy any bacteria which have 
entered the peritoneal cavity through ulcers. Through this charred 
area an incision or rent was made and a platinum wire introduced, and 
then a tube of gelatine or beef infusion inoculated with it* When roll 
cultures were made a minute bit of spleen pulp was torn away from be- 
neath the charred portion and stirred about in the liquefied gelatine. 
From this usually a second tube was prepared. Experience of past 
years had shown that frequently this is not sufficient to insure the fer- 
tility of the cultures. In chronic cases with the spleen but moderately 
enlarged, hog cholera bacteria are found in very small numbers. In 
such cases bits of spleen are cut out trom the charred area with flamed 
scissors and transferred to tubes of gelatine or beef infusion with or 
without peptone. Such cultures rarely fail. It might be supposed 
that the chances of accidental contamination are very great in this pro- 
cess. But a long experience with spleens of healthy animals and with 
organs in the study of other diseases has demonstrated the entire safety 
of this procedure. Salmon culture tubes with bits of organs in the bottom 
covered by nutrient liquids have remained sterile for months in the 
laboratory. At present the Bsmarch tube or roll culture is indispens- 
able in such cases. ' 

In nearly all the cases examined both liquid and gelatine cultures 
were made. The former permit a diagnosis on the following day, while 
.the latter require at least two days, usually three or four, before a re- 
liable diagnosis can be made. The cultures were always examined un- 
stained in a hanging drop, as the bacteria in this way are not deprived 
of their power of motility, which is one of the important diagnostic 
characters. Staining cultures was also resorted to, but it adds little in- 
formation to that gained by a careful examination of the hanging drop. 
When gelatine cultures were examined the bacteria were always mixed 
with some sterile beef infusion to bring out their motility. 

In a number of cases rabbits were inoculated directly Irom lung tis- 
sue. A small bit, about one half centimeter cube, was torn up with 
flamed forceps in a flamed watch glass containing some sterile beef in- 
fusion, and the turbid fluid injected beneath the skin of the thigh. The 
syringe used was an ordinary hypodermic syringe carefully disinfected 
by 5 per cent, carbolic acid above and below the piston for one-half 
hour both after and before use, and each time thoroughly rinsed in boil- 
ing water. As hog cholera bacteria are destroyed by a 1 per cent, so- 
lution of carbolic acid in less than ten minutes, and by a momentary 
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<K>ntact with water near the boiling point the disinfection was certainly 
all that could be desired. This method was regarded as less open to 
criticism than the insertion of bits of tissue under the skin. We still 
stand in need of a syringe which can be disinfected without much trouble, 
as the above method is extremely tedious. The syringes devised by 
KZoch are both unsatisfactory. The joints formed by the glass barrel 
atid the metal cap in the syringe in which the propelling force is air 
were found to leak in five out of six samples. From the fluid injected 
into rabbits either plate or roll cultures were made in order to get 
an idea of the approximate number and the kind of organisms present. 
In every case the portion of lung tissue from which the inoculations 
iw^ere made was transferred to sterilized bottles and protected from ac- 
cidental contamination as carefully as possible. Unless otherwise indi- 
cated, the methods just given were employed throughout the investiga- 
tion. 

Novennber 16. — Pig No. 1, just died and brought to experimental sta- 
tion. No skin lesions ; heart and lungs normal with exception of a few 
collapsed lobules in principal lobe of one lung.* In abdomen omentum 
injected so as to appear bright red. Spleen enlarged, soft, dark. Some 
lymphatics have the cortex hemorrhagic. Stomach and small intes- 
tines normal. In caecum near valve several large superficial yellowish 
ulcers and a number of smaller ones, an eighth of an inch in diameter. 
Two bits of spleen were cut out and dropped into a tube of gelatine, 
and one of beef infusion. The gelatine culture remains sterile. The 
liquid culture contains the motile hog cholera bacteria and a large bu- 
tyric bacillus growing only in the bottom of the liquid. 

No. 2 died last night. Buzzards have eaten into the thorax and 
penetrated the coats of the stomach. Only the small ventral lobe 
of right lung diseased. Bright red, mottled with pale yellow dots. 
(See Plate IX, fig. 2.) The smallest bronchi occluded by cylindrical 
plugs. Alveoli likewise occluded. The plugs consist chiefly of cells 
and are so dry and firm that they may be removed as small ramifications 
or branchings when the lung tissue is torn away. Bronchial glands 
enlarged, hemorrhagic. Spleen enormously enlarged, liver in advanced 
stage of cirrhosis. Glands at portal fissure chronically enlarged. In 
csBcum 'four superficial ulcers one-half inch across, slough stained yel- 
low. In upper colon four similar to these and a large number of small 
ones about one-eighth inch across with yellowish slough. 

A moderate number of bacteria found in cover-glass preparations of 
spleen. A gelatine tube culture contained, after three days about, sev- 
enty-five to one hundred colonies of the motile hog cholera bacteria in 

* In order to understaDd the description of the lung lesions, the following brief 
outline of the anatomy of the Inng and of the terms used may he of service: 

The right lung is made up of four lobes ; the left has only three. (In text- books 
on anatomy the left lung is considered as being made up of only two.) 

In both there is a large principal lobe resting upon the diaphragm and against the 
adjacent thoracic wall. This lobe forms tiie major part of each lung. The remainder, 
occupying the anterior (or cephalic) portion of the cavity, is made up of two small 
lobes, one extendins ventrally (or downward in the standing position of the animal) 
and in the expanded state covering the heart laterally, tbe other extending towards 
the head and overlapping the base of the Ueart. These small lobes may be denomi- 
nated the ventral and cephalic lobes, respeclivcly. The right cephalic lobe is longer 
and more distinct from the ventral lobe than the corresponding left cephalic. Wedged 
in between the two principal lobes and resting on the din.phr<'igm is a small lobe, 
pyramidal, belonging to the right lung (azygos lobe). This lobe rests on the left 
against the mediastinal membrane, and on the right it is separated from the right 
principal lobe by a fold of the pleura passing from the ventral abdominal wall to in- 
close the inferior vena cava. This small lobe is almost completely shut off, therefore, 
from tbe other lobes by folds of the pleura. 
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each ueedle track. A liqaid caltare iaocalated simply with the platinum 
wire thrust into the spleen palp contained hog cholera bacteria only. 
A rabbit was inoculated from fang tissue as above described ; about one- 
foarth of a cubic ceutimeter of the suspension injected. Dead on the 
seventh day. Slight fibrinous exudate on coils of intestines. Spleen 
very large, soft, dark. Beginning coagulation-necrosis in liver. Bac- 
teria very numerous in spleen; both gelatine and liqaid cultures contain 
only the motile hog cholera bacteria. The plate from lung tissue with 
which rabbit was inoculated contains a very large number of identical 
colonies, made up of motile hog cholera bacteria. 

November 17. — !No. 3, male, died yesterday. ^Buzzards have consumed 
pectoral muscles and pierced into thorax and abdomen. Ecchymoses on 
costal pleura and entire epicardium, a few under pulmonary pleura. Left 
lung hypostatic, slight amount of whitish foam in trachea. Lung tissue 
otherwise entirely normal, neither hepatization nor collapse anywhere 
to be seen. Bronchial glands and those along posterior aorta with hem- 
orrhagic cortex. Ecchymoses In the subcutaneous fatty tissue over en- 
tire ventral aspect of body, about one-eighth inch across, beneath peri- 
toneum of abdominal muscles and of the entire length of small intes- 
tine, from size of pin's head to one-eighth inch. Congestion in patches 
in large intestine, no ulceration. Stomach and intestines contain a yel- 
low liquid resembling the yolk of eggs. Spleen but slightly enlarged. 
Ecchymoses under serosa of liver. Cirrhosis moderate. A bit of spleen 
tissue dropped into a tube of beef infusion gave rise to a culture of hog 
cholera bacteria. In each needle track of a gelatine culture countless 
colonies of the motile bacteria appear. 

November 18. — No. 4, medium sized male, died this morning. Super- 
ficial inguinal glands enlarged, cortex slightly hemorrhagic. Some 
fibrils on coils of intestine. Petecchiae under serosa of small intestine ; 
extensive hemorrhage between mucous and muscular coat of stomach 
along fundus, forming a clot about one-half inch thick. Spleen very 
large, friable, blackish, extends beyond median line into right side. 
Petecchiaeon liver, which is considerably cirrhosed 5 mucosp. of stomach 
along fundus blackish ; closely set petecchije under mucosa of small in- 
testine; contents liquid, bloodstained. A dark hemorrhagic patch 
near valve in large intestine. Colon studded with petecchise, no ulcera- 
tion. Small number of petecchiae on surface and throughout cortex of 
kidneys. No bacteria seen on a cover- glass preparation of spleen tissue. 
Beef infusion inoculated with a wire thrust into spleen remains sterile. 
A bit of spleen dropped into a tube of gelatine gives rise to about a dozen 
colonies of hog cholera bacteria. 

November 18. — No. 5, male, 75 pounds, three to four months old, died 
last night. Inguinal glands enlarged, pale. Left cephalic, ventral, 
and about one-third of principal, right cephalic and ventral lobes of 
lungs solidified, bright red, mottled with minute yellowish dots, u e., 
same as No. 2. Costal pleura covered with a very thin whitish exudate. 
Solidified portion of principal lobe adherent. On epicardium a very 
delicate papery deposit. Spleen much congested. Inflammatory ad- 
hesion of liver to diaphragm. Mesenteric glands nearly as large as 
hen's eggs, mottled, pale red. About twelve ulcers one-quarter to one- 
half inch across in lower ileum; base depressed and covered with a thin 
yellow layer; outline irregular; not connected with Peyei's patches. 
Valve thickened and ulcerated. Several ulcers in caecum; a large 
projecting slough attached to one of them. A gelatine and a liquid cult- 
ure from the spleen contain hog cholera-bacteria only. A liquid culture 
from the pleura remains sterile. 
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A rabbit inoculated from the hepatized laug tiBSue died on the eighth 
day. Slight fibrinoas exudate on iutestines, dififusc coagulation necrosis 
in liver, spleen much congested. Immense number of hog cholera bac- 
teria in spleen and liver. Cultures pure. A plate made from the same 
bit of (pig's) lung tissue contains about fifty colonies resembling hog 
cholera. 

^0. 6, large black male, died last night. Extensive serofibrinous 
infiltration of subcutis from axilla to pubis and over right thigh. The 
sabcatis has a gelatinous aspect. Spleen much congested. Lungs nor- 
mal. In cover-glass preparations from spleen large bacilli, with ends 
square. Cultures in gelatine and beef infusion remain sterile. Animal 
probably died of malignant oedema. 

November 21. — No. 7, medium sized male, died yesterday. Tempera- 
ture of air varying from 26o to 50° F. Omentum deeply reddened. 
Spleen enlarged, soft; small hemorrhages under capsule one-eighth 
inch across. Liver imparts a sensation of grittiness when cut. Cortex 
of kidneys dotted with hemorrhagic points. The patch of mucous 
crypts about valve in caecum dark, pigmented; no ulceration. Mucosa 
of stomach hemorrhagic in fundus. Thorax half full of blood-stained 
seram and some fibrin stretching from lung surface to walls ; small 
quantity of librin in pericardial cavity. Lung tissue infiltrated with 
blood (pulmonary hemorrhage). Two ventral lobes collapsed; subpleu- 
ral hemorrhagic patches. A cover-glass preparation from spleen con- 
tains numerous hog cholera bacteria. In each needle track of a gela- 
tine culture, countless colonies. A liquid culture from a bit of spleen 
tissue contains hog cholera bacteria only. 

No. 8, small female, died yesterday. Patches of skin on ventral as- 
pect of limbs and groin reddened. Minute petecchiae under serosa of 
ventral abdominal walls. Spleen very large, congested. Some delicate 
fibrils stretched over coils of intestine. Liver cirrbosed. CHands of 
mesentery and mesocolon enlarged; cortex hemorrhagic. Fundus of 
stomach moderately congested. In caecum are black pigment spots 
resembling former hemorrhage, chiefly on the summit of folds. In 
upper colon ulcers about three to a square inch, each one-fourth inch 
in diameter, and covered by a convex, projecting yellowish slough. 
Ulcers found down to rectum. Small quantity of clear serum and a 
few fibrils in pleural cavities and pericardium. Left ventral and tip of 
right cephalic lobe collapsed. A gelatine and a liquid culture made 
from a bit of spleen tissue contain hog cholera bacteria and a butyric 
bacillus which slowly liquefies the gelatine. 

No. 9, small male. Diffuse reddening of ventral aspect of body es- 
pecially marked on limbs. Spleen, lymphatics, and kidneys normal. A 
small abscess in pelvis attached to bladder, probably caused by castra- 
tion. Yeoous congestion of vessels of mesocolon. The transverse 
folds of mucosa of colon covered by very thin yellowish patches of ne- 
crosis. Feces hard, distending the large intestine. Cephalic and ven- 
tral lobes of left lung solid, plainly mottled. The bronchioles and 
alveoli filled with consistent plugs of cellular exudate. Kemainder of 
lungs normal. Owing to small size of spleen, two liquid cultures were 
made, each with a bit of spleen tissue. In both, hog cholera bacteria 
alone appeared. A rabbit inoculated with hepatized lung tissue re- 
mains well for weeks after. A plate culture therefrom is liquefied in 
two days. 

Ko. 10, small castrated male, died yesterday. Has been sick for some- 
time according to overseer of farm. Spleen not enlarged. Inflammatory 
changes in pelvis due to castration. Stomach slightly reddened and 
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bile stained. One large ulcer on ileo csecal valve one-balf inch across, 
black, with yellowish margin. A few very superficial ulcers in csecam. 
Lungs normal, left somewhat hypostatic. Two cultures made with bits 
of spleen contain both hog cholera bacteria and butyric bacilli. 

No. 11, dying, killed by being bled from brachial vessels. Lungs 
normal. Spleen small. Liver slightly cirrhosed. Two ulceres in caecum; 
slight superficial necrosis in colon. A liquid culture made from a bit of 
spleen contains hog cholera bacteria on following day. 

Fovember 23. — No. 12, small white male, died yesterday. Median 
lino of ventral aspect of body much reddened, limbs slightly so; ex- 
travasation under skin and into muscular tissue over sternum. Much 
blood-stained serum in peritoneal cavity; spleen very large, dark. 
In kidneys, cortex and base of pyramids deeply reddened. In csbcuiu, 
slight traces of superficial necrosis. Anterior and cephalic lobes of 
both lungs collapsed. Blood-stained serum in pericardium. Numer- 
ous hog cholera bacteria on cover-glass preparations of spleen pulp. 
In a gelatine culture from the spleen countless colonies appear in each 
needle track. A liquid culture made with platinum wire contains hog 
cholera bacteria on following day. A rabbit inoculated from the col- 
lapsed lung tissue died on the tenth day. Spleen engorged ; numerous 
foci of coagulation necrosis in liver, involving each one or more acini; 
extensive necrosis along border of left lobe. Ecchymosis of pyloric 
valve and duodenum ; hemorrhagic foci in lungs, about fifteen in each 
lung, one eighth inch to three-sixteenths inch in diameter. Examina- 
tion of the spleen shows numerous hog-cholera bacteria. A gelatine 
culture contains countless colonies in each needle track. 

Number 13, small female, died yesterday. Skin on ventral aspect of 
limbs and over pubis reddened. Spleen greatly enlarged, congested. 
Lungs normal. A few lobules in ventral and right cephalic lobe col- 
lapsed. Liver slightly cirrhosed. Stomach distended with food. Large 
patch of mucosa in fundus reddened. Caecum and colon contain numer- 
ous ragged depressed ulcerations. Valve entirely encircled by ulceration. 
Contents of intestine liquid, yellow. A gelatine and a liquid culture 
inoculated with a platinum wire thrust into spleen remain sterile. No 
bacteria seen in cover-glass preparations. 

No. 14, small female, weight about 50 pounds. Considerable redden- 
ing of the skin over ventral aspect of body and limbs; especially marked 
along median line. Superficial inguinals enlarged, of a mottled pale 
and deep red on section. Spleen very large, 12 inches long, 2 inches 
broad, and five-eighths to three-fourths inch thick at hilus; gorged 
with blood, friable. A small number of punctiform hemorrhages in 
cortical portion of kidneys. Glands of mesentery and of colon en 
larged and congested. Deep reddening of several square inches of 
mucosa in fundus of stomach. Large intestine contains a semi-liquid 
mass, chiefly earth. Four large ulcers in caecum, one of them at least 
1 inch across, covered by a yello\Vish slough; the peritoneum covering 
it is thickened and inflamed. In upper colon there is considerable ne- 
crosis, involving the epithelium in patches. Lungs normal, excepting 
the right ventral lobe, which is solid. Bronchi and air cells of this lobe 
completely occluded by plugs as with No. 2; surface bright red, mottled 
with yellowish points — the ultimate air cells filled with the cellular ex- 
udate. Snbpleural ecchymoses over both lungs. From the spleen a 
liquid and a gelatine culture contained only hog cholera bacteria. They 
were very numerous in cover-glass preparations from this organ. 

A rabbit, inoculated from the consolidated lung tissue died on the 
seventh dny. At the point of inoculation a pasty mass extends to ab- 
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domen, only subcutis involved. Spleen engorged. Single acini and 
groups in the liver are completely necrosed, yellowish white. In both 
organs, hogcliolera bacteria. Cultures from spleen pure. 

November 2^, — No. 15, black and white male, died yesterday morn- 
ing. Bedness of skin of abdomen, throat, and limbs. Superficial in- 
guinals hemorrhagic. Spleen very large, gorged with blood. Lungs 
normal, excepting a few lobules at the caudal border of principal lobes, 
which are red, collapsed, and contain lung worms. Pericardium con- 
tains deep-colored serum and coagula; left auricle dotted with petecchisB. 
Bronchial lymphatics hemorrhagic. Liver slightly cirrhosed. Cyst in 
right kidney one-half inch in diameter. Fundus of stomach intensely 
congested, similarly the caecum and colon ; no ulcers. Lymphatics of 
mesocolon hemorrhagic. A beef-infusion culture from a bit of spleen 
contains the motile hog-cholera bacteria only. A gelatine culture be- 
came liquefied by the heat of the laboratory ; no bacteria seen on a 
cover-glass preparation of spleen. 

Ko. 16, black and white female, died last night. Skin and spleen as 
in previous case. The small ventral lobe of both lungs collapsed, lungs 
otherwise normal. Liver in advanced stage of sclerosis ; stasis of por- 
tal circulation. Lymphatics of abdomen as in No. 15. Fundus of stom- 
ach slightly reddened; one ulcer three-fourths inch across. Extensive 
necrosis of mucous membrane in colon and rectum, slight in caecum ; 
wherever the membrane is free from a slough it is deeply congested. 
Numerous hog-cholera bacteria and some large (butyric) bacilli in spleen. 
A beef infusion and a gelatine culture contain them. From a bit of 
collapsed lung tissue a plate culture is made and a rabbit inoculated. 
The plate contains in two days about six to seven liquefying and a 
large number of non liquefying colonies, the latter made up of motile 
hog-cholera bacteria ; the rabbit died on the seventh day. Spleen very 
large, friable ; contains large numbers of hog cholera bacteria. On 
left lobe of liver an area of necrosis one-fourth inch by three-fourths and 
one-sixteenth inch deep. On the right lobe only three or four acini 
necrosed. Pylorus and duodenum covered with hemorrhagic dots and 
patches. Culture from spleen pure. 

November 26. — No. 17, female of medium size; died suddenly this 
morning without previous illness. Subcutaneous fat abundant. Spleen 
moderately congested. Petecchiae in cortical portion of kidneys. Fundus 
of stomach slightly reddened. In lower ileum patches of congestion. 
Scattered petecchiae in mucosa of large intestine; contents normal. 
Glands of mesentery and mesocolon with cortex hemorrhagic. Large 
quantity of bloodstained serum in thorax. Fibrinous deposit on pleura; 
lungs partly expanded ; cephalic half of right lung solid, blackish j air- 
tubes and alvieoli filled with extravasated blood. Interlobular tissue 
distended with blood-stained serum (pulmonary hemorrhage). Left lung 
in the same condition. Trachea full of reddish foam. Blood and fibrin- 
ous coagula in pericardial cavity. Beef ibfusion, into which a bit of 
spleen was placed, remains sterile; also a tube of gelatine inoculated 
from the spleen with platinum needle. In a cover-glass preparation of 
the spleen large (butyric!) bacilli. 

No. 18, small female, died last night. Buzzards have consumed thigh 
muscles. Diffuse reddening along median line of abdomen. Hemor- 
rhagic spots one-eighth to one-fourth inch across, subepidermal, chiefly 
on ventral aspect of limbs; subcutaneous and subperitoneal ecchymoses. 
All abdominal lymphatics with cortex infiltrated with blood. Serosa 
of large intestines as if sprinkled with fresh blood ; several subserous 
hemorrhagic spots one-half inch across on diaphragm, along inferior 
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Tena cava, common bile duct, and gall bladder; also, iiuder macosa of 
the whole length of small intestine, throughout cortical portion and be- 
tween pelvis and medullary portion of kidneys. Fundus of stomach 
one mass of peteechiae and larger extravasations. One ulcer in ca&cum, 
old, with indurated base. Valve and the patch of mucous crypts at its 
base ulcerated ; depth of ulcer indurated, consisting of a tough, pale 
tissue. Small old ulcers in upper colon. Lungs dotted with small hemor- 
rhages, chiefly subpleural. Three or four hemorrhagic patches under 
costal pleura of each side. Lung tissue normal, excepting the base of 
right ventral and the tip of left ventral lobe, which are collapsed. Hemor- 
rhages under epicardium over entire heart; left auricle one mass of ec- 
chymoses. Goagula of fibrin in auriculo-ventricular groove. 

Through an oversight the cultures from this animal and the one fol- 
lowing were both numbered the same, so that it was impossible to 
identify them. A liquid culture from each was made by adding a bit of 
spleen tissue. A gelatine culture from each was made simply with 
platinum wire. One tube of infusion contains hog cholera and butyric 
bacteria ; one tube of gelatine contains immense numbers of hog-cholera 
colonies. The other two tubes remain sterile. A rabbit inoculated 
from the collapsed lung tissue remained well for a month after. A plate 
culture from the same contained about six colonies, evidently of hog- 
cholera bacteria. 

No. 19, small male, died last night. DiflFuse reddening on abdomen 
along median line. Superficial inguinals very large, pale, (edematous; 
peritonitis ; feeble adhesion of coils of intestine to ventral wall and of 
lobes of liver to one another. Slight fibrinous deposit on intestines. 
Liver sclerosed. Lymphatics hemorrhagic. Cortex of kidneys dotted 
with extravasations. Mucosa of large intestines of a dark slate color; 
it is dotted with closely-set conical elevations, tough, whitish, about one- 
eighth inch high and one sixth across. When scraped away a depressed 
pale pink, sharply-outlined spot remains. Microscopic examination of 
the intestine showed that these elevations correspond to amorphous 
masses, which failed to become colored on applying the ordinary stain- 
ing agents. They covered portions of the mucosa which were either 
wholly or partially necrosed and incapable of being stained. In some 
places the outline of the tubules could still be discerned. On applying 
Weigert^s fibrin stain, long meshes of fibrin corresponding in general to 
the outline and position of the destroyed tubules appeared. Valve 
thickened and completely covered by ulceration. Cephalic half of both 
lungs airless, afiected with broncho-pneumonia ; catarrhal exudate filled 
alveoli and air tubes. Epicardium dotted with hemorrhagic points. 
Slight, feeble, pleural adhesions. 

For cultures from spleen, see No. 18. A rabbit inoculated with lung 
tissue died on the fifth day. Spleen slightly enlarged; contains many 
hog-cholera bacteria. Gelatine culture contains very many colonies of 
the same. 

Ko. 20, a large female. No skin lesions; a few strings of coagula over 
coils of intestine; spleen small; base of pyramids of kidneys much 
reddened; ileum dotted with subperitoneal hemorrhagic points and 
X)atches ; mucosa not affected ; mesenteric glands with cortex hemor- 
rhagic. Large intestine empty, scattered ulcers one-eighth to one-fourth 
inch across. Liver sclerosed. 

A beef-infusion culture inoculated with a bit of spleen tissue contains 
hog-cholera bacteria and butyric bacilli. A gelatine tube culture con- 
tains a few hog-cholera colonies. 

November 29. — No. 21, small Jersey red, female, died last night. Skin 
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deeply reddened along mediau line of abdomen. Large quantity of 
blood-stained serum in peritoneal cavity. Serosa of ileum and the 
mesentery completely covered with hemorrhagic points and patches. 
Lymphatics of abdomen hemorrhagic throughout their substance. Pe- 
tecchisB in cortex of kidneys. Mucosa in fnndusof stomach hemorrhagic. 
Mucosa of lower ileum a confluent layer of necrosed tissue. Numerous 
round ulcers in caecum and colon ; slough projects slightly. Lungs hypo- 
static, interlobular spaces distended with coagulated bloo<l, most marked 
in dependent lobes. Simple collapse of both ventral lobes and of the 
rigbt principal near the root. Ventricles of heart dotted with petecchiaB, 
auricles black, covered with clotted extravasated blood. Hog cholera 
bacteria present in cover-glass preparations irom spleen and in both 
gelatine and liquid cultures. 

No. 22, male, Jersey red, died last night. Glands of abdomen with 
cortex infiltrated with blood. Spleen engorged. A few hemorrhagic 
patches in fundus of stomach. In caecum and colon ulcers about three- 
eighths inch across ; very thin, adherent, yellowish slough. About one 
ulcer to 4 square inches of surface. Considerable blood-stained serum 
in pleural cavities, hemorrhage in anterior half of left lung, which is 
solid, blackish on section. Clots and reddish foam in trachea and 
bronchi; hemorrhage seems somewhat older than in No. 21. Pleura 
of right lung roughened and parts adherent to chest wall. Ventral 
lobe solid, bronchioles firmly plugged with dry catarrhal secretion. 
Hog cholera bacteria on cover- glass from si)leen pulp and in a gelatine 
and liquid culture made therefrom ; only five to ten colonies in each 
track of the platinum wire. A rabbit was inoculated from a bit of the 
solidified lung tissue and a plate culture made. The latter develops 
numerous colonies of hog cholera bacteria. The rabbit died on the thir- 
teenth day. Numerous hog cholera bacteria in both organs. A gela- 
tine culture from the spleen contains the same organisms. 

No. 23, small black male. Buzzards had removed pectorals of one 
side. Lymphatics congested, not hemorrhagic. Crowded petecchiae in 
subcutis and beneath peritoneum of ventral abdominal wall. Spleen 
very large, congested. Four or five small hemorrhages on diaphragm. 
Mucosa of caecum and upper colon ulcerated in large patches. In 
lower colon the ulcers are small, yellowish, depressed areas embedded 
in a very dark mucosa' dotted with numerous punctiform ecchymoses. 
At root of left lung there is some collapse, extending slightly into all 
lobes. Of right lung the ventral and cephalic lobes are collapsed, with 
occasional emphysematous lobules interspersed. Lungs otherwise nor- 
mal. Extensive hemorrhage of both auricles in the form of diftuse patches 
and petecchiae. A gelatine and a liquid culture from the spleen remain 
sterile. A plate culture made from a bit of collapsed lung tissue con- 
tains a considerable number of colonies, which are made up of bacteria re- 
sembling those of hog cholera, but differing from them in their manner of 
growth on gelatine, in beef infusion, and in the absence of motility. A 
rabbit inoculated from the same bit of lung tissue remains well. A 
plate culture from a bit of normal tissue from the same lung contains 
but one colony. 

No. 24 died yesterday; medium-sized female. Spleen very large, 
extends beyond median line. Lungs normal, excepting collapse of a 
small portion of the right ventral lobe. Lymphatic glands in general 
with hemorrhagic cortex. Caecum and colon very much congested, ul- 
ceration superficial and slight. Entire fundus of stomach of a uniform 
deep wine color. A gelatine and a liquid culture from the spleen con- 
tain only motile hog choler^^ bacteria. In the former the colouies ^ro 
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very nameroas. Tbe bacteria are demonstrated in cover-glass prepara- 
tions from spleen pulp. 

No. 25, mediam sized black male, died yesterday. Spleen very large. 
Sabperitoneal tissue full of peteccbiae. Lymphatics with hemorrhagic 
cortex. Hemorrhages under serosa of duodenum and common bile dact. 
Valve completely ulcerated. Intestine otherwise normal and feces 
dry. Lungs contain a large number of subpleural hemorrhages, tissue 
normal, epicardium hemorrhagic. Kidneys contain a specimen of kid- 
ney-worm (sclerostomapinguicola). A gelatine and a beef infusion culture 
from the spleen became confused with those of another pig (No. 435), to 
be described later on. One set of cultures remained sterile ; the other 
contained hog cholera bacteria. In all probability the sterile cultures 
belonged to this animal. 

December 2. — No. 26, medium-sized female, died last night. Consid- 
erable redness of skin over the ventral aspect of limbs and along me- 
dian line of abdomen. Spleen very large, blackish. Several strong 
fibrous adhesions betweeen costal and pulmonary pleura. Lung tissue 
normal. Left kidney contains a small cyst. Large number of round 
depressed ulcers stained yellow, most numerous in caecum. One ulcer 
is one-half inch across, the inflammation extending to serosa. Stomach 
very dark, pigmented along fundus. On a cover-glass preparation 
from spleen numerous large bacilli (probably butyric). They did not 
develop in the liquid and gelatine culture, which latter contained only 
hog cholera bactera colonies, very numerous in each needle track. 

No. 27, small black male. Superficial inguinals enlarged, pale, CBdem- 
atous. Superficial ulceration and hemorrhagic changes in caecum. \ 
Lungs normal. Post mortem changes too advanced for cultures. 

No. 28, small female, died last night. Superficial inguinals with 
cortex hemorrhagic. Spleen slightly enlarged. Minute haBmatomata | 
on its surface. Slight sclerosis of liver. Left kidney contains six cysts I 
one-half inch diameter. Stomach in fundus somewhat congested. In 
large intestine, ulcers one quarter to three-eighths inch diameter, with 
adherent yellowish, projecting slough, most numerous in caecum. About 
one-third of the ventral lobe of each lung and a few lobules of the right 
principal lobe collapsed. Lungs otherwise normal. In a beef infusion 
culture from the spleen both hog cholera and butyric bacteria were 
present. A gelatine culture contained but two colonies. From a bit of 
collapsed lung tissue a plate culture was made and a rabbit inoculated. 
On the plat^ about fifteen colonies of hog cholera bacteria appeared. 
The rabbit died on the fifteenth day. Bare indications of necrosis in 
liver. Spleen very large. Both organs contain a moderate number of 
hog cholera bacteria. A roll culture from the spleen is pure. 

No. 29, large black male, died about thirty-six hours ago. Tempera- 
ture below freezing point. Skin deeply reddened over entire ventral 
aspect of body. Superficial inguinals enlarged, slightly congested. 
Spleen very large (about 14 inches long), very soft and friable. Slight 
sclerosis of liver and old perihepatitis. Betro-peritoneal glands with 
cortex hemorrhagic. Cyst in right kidney. Slight ecchymoses in fun- 
dus of stomach. Valve and patch of mucous glands in caecum very dark 
with pigment. Slight superficial ulceration in caecum and upper colon. 
Lungs and heart normal. Both gelatine and beef infusion cultures con- 
tain hog cholera bacteria. In the former the colonies are very numer- 
ous. 

No. 30, small black male; died thirty-six hours ago. No reddening 
of skin. Superficial inguinals and spleen but slightly enlarged. Peri- 
tonitis, Fetecchia^ under serosa of small and large intestines and blad- 



47 

der. Moderate amoaut of fibrinous exudate. Valve completely ulcer- 
ated, ulcer deep. Que near valve has caused tliickeniDg of serosa of 
intestinal walL In caecum an extensive patch of ulceration ; in colon 
a few ulcers and numerous punctiform hemorrhages. Eight lung com- 
pletely adherent to costal pleura by means of fibrous tissue. A small 
ventral portion of priucipal lobe of left lung is airless, pale red, mot- 
tled with yellowish points. Air tubes and vesicular portion occluded 
with dry cylindrical plugs. A culture in gelatine fiom the spleen de- 
velops numerous colonies in each track of the wire. A liquid culture 
contains the butyric bacillus also. A bit of the solidified lung tissue 
was used for a plate culture and to inoculate a rabbit. The plate de- 
veloped countless colonies of hog cholera bacteria as tested bj' other 
cultures. The rabbit died on the tenth day. The spleen was enlarged, 
the liver full of centers of advanced necrosis, involving one to three 
acini; hog cholera bacteria very numerous in both organs. 

Decembers, — No. 31, small black and white female, died ye8terda3\ 
Well-marked odor of decomposition. No skin discoloration. Spleen but 
slightly enlarged. Lymphatics in general with hemorrhagic cortex. 
Liver in state of advanced sclerosis. Stomach normal. A few large 
old ulcers and a considerable number of small ones throughout csBCum 
and colon. Mucosa itself pigmented with patches of fresh congestion. 
Langs normal. A liquid culture from the spleen contains only butyric 
bacilli. 

No. 32, small black and white female. No skin discoloration. Lym- 
phatics, including inguinal, bronchial, and peritoneal with more or less 
hemorrhagic cortex. Spleen engorged. Liver sclerosed. Kidneys with 
numerous petecchiae throughout cortical portion. Stomach pale. Sev- 
eral large old ulcers in upper colon. Caecum and colon pigmented. 
Lungs normal with exception of a few collapsed lobules in ventral lobes. 
Both a gelatine and a beef infusion culture contain hog cholera bacte- 
ria. Colonies very few. 

No. 33, large black and white male ; said to have died last night. 
Advanced post mortem changes. No examination made, excepting to 
see the condition of lungs, which were healthy. 

No. 34, medium-sized white, died last night. Considerable reddening 
over ventral aspect of body. Inguinals reddened on section. Small 
quantity of dark -colored serum and numerous yellowish flaky coagula 
attached to abdominal organs. Spleen very large, dark, friable. Liver 
cirrhosed. Kidneys with cortical portion thickly dotted with petecchiae, 
hemorrhage into pelvis. Lymphatics in abdomen with cortex more or 
less hemorrhagic. Extensive and deep ulceration in large intestines ; 
in caecum and upper colon as large patches, in lower colon as small 
ulcers. The mucosa which is not destroyed is deeply congested. 
Stomach along fundus deeply reddened. Extensive fibrous adhesions 
of left lung to walls of thorax. Collapse involves ventral, cephalic, and 
portions of principal lobe of right lung, and small portion of principal 
and ventral lobe of left lung. Extensive mucopurulent secretion in 
trachea, bronchi, and subdivisions throughout both lungs. Bronchial 
glands with cortex hemorrhagic. A beef infusion culture from the 
spleen contains hog cholera and butyric bacteria. In the gelatine cult- 
ure each track of the wire contains countless colonies of what are shown 
uuder the microscope to be motile hog cholera bacteria. From a bit of 
^^Uapsed lung tissue a plate culture was made and a rabbit inoculated. 
The plate develops countless non-liquefying colonies. The rabbit died 
on the eighth day. Spleen enlarged. Liver infested with coccidia. A 
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sliglit amount of coagnlation-necrosis- Hog cholera bacteria in both 
organs and in cultures from the spleen (both gelatine and liquid). 

December 5. — No. 35, small black and white female, died yesterday. 
Redness of skin over abdomen and inside of limbs. Spleen enlarged, 
slightly congested. Lymphatics with cortex infiltrated with blood. 
Large quantity of bloodstained serum in abdomen. Liver sclerosed. 
A few scattered petecchiie in cortical portion of kidneys. Mucosa of 
colon pigmented ; a few small ulcers present. Lungs normal, with ex- 
ception of a few collapsed lobules in ventral lobe of each lung. Dark- 
colored serum in pericardial cavity. The spleen contains large num- 
bers of batyric bacilli. A liquid culture contains both hog cholera and 
butyric bacilli. A gelatine culture remains sterile. 

No. 36, large black and white female, died yesterday. Lungs normal. 
Spleen very large, dark, friable. Liver sclerosed; lymphatics gener- 
ally with cortex congested or hemorrhagic. Large number of ulcers in 
caecum and colon; mucosa deeply congested. From spleen countless 
colonies of hog cholera bacteria in a gelatine tube culture. In a liquid 
culture the butyric bacilli are also found. 

No. 37, medium Jersey red and the last of a lot of seven, dead forty- 
eight hours. This animal has been sick for some time; the spleen 
was very large, gorged with blood. Lymi3hatic8 pale. Large number 
of old ulcers, from one sixteenth to 1 J inches across in caecum and colon ; 
mucous membrane generally pale. Of the lungs, both ventral and a 
small portion of cephalic lobes with smaller bronchi and alveoli plugged 
with dry catarrhal products. A liquid culture from the spleen contains 
hog cholera and butyric bacilli. A gelatine culture contains countless 
colonies. The spleen pulp on coverglass preparations shows many. 
From the diseased lung tissue a rabbit was inoculated and a plate cult- 
ure made. The latter develops a large number of colonies of hog cholera 
bacteria. The rabbit died on the eighth day. Spleen enlarged and 
friable, con tains many hog-cholera bacteria. Slight coagulation-necrosis 
in liver, which is infested with coccidia. Cultures from blood and spleen 
pure. 

December 7. — No. 38, small white female, died last night. Much ema- 
ciated. Subcutaneous and subperitoneal tissue contains numerous ex- 
travasations. Lymphatics in general with hemorrhagic cortex. Spleen 
moderately congested. Lung tissue normal. Numerous subpleural and 
epicardial hemorrhages. Kidneys with cortical portion dotted with 
numerous punctiform extravasations. Mucosa of small intestine con- 
tains numerous petecchise. One ulcer, one-half inch across, in lower 
ileum. Extensiveand deep ulceration throughout whole length of large 
intestine. Some of the ulcers over 2 inches across; surface coal-black; 
the inflammation extending through the intestinal walls to serosa, which 
is dotted with scattered extravasations. A gelatine tube culture from 
spleen pulp contains countless colonies in each needle track, consisting, 
as seen under the miscroscope, of motile hog cholera bacteria. A liquid 
culture contains also streptococci and butyric bacilli. 

No. 39, black and white female, post mortem changes under way. Kb 
examination made beyond ascertaining that lungs are normal, lym- 
phatics with cortex infiltrated with blood, and spleen enlarged and con- 
gested. 

December 8.— No. 40, small black female, died this morning. Super- 
ficial inguinals enlarged but pale. Moderate quantity of straw-collored 
serum in abdominal cavity. Spleen enlarged, deeply congested. In 
caecum and upper colon a large number of deep broad ulcers ; in some 
tbe inflammation extends through intestinal wall to serosa. In lower 
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coloD, ulcers small and mucosa deeply congested. Numerous liog 
cholera bacteria in spleen as shown by a gelatine culture. A liquid cul- 
ture contains also butyric bacilli. 

No. 41, small black and white female, died yesterday. .Postmortem 
changes under way. Large quantity of bload-stained serum in abdomen. 
Plastic peritonitis mattingtogether the various organs 5 spleen enlarged 
and congested. Numerous old ulcers in caecum and colon, with adher- 
ent slough. Adhesive pleuritis, w^ith large quantity of blood-stained 
serum in thorax. Lungs normal, excepting areas of collapse in ventral 
and cephalic lobes. A liquid culture from spleen contains both hog 
cholera and butyric bacilli. A gelatine lube culture develops a large 
nnmber of colonies in each needle track. 

December 10. — No. 42, small black and white male, died yesterday 
morning. No discoloration of skin. Spleen very large, congested. 
Lymphatics with cortex slightly reddened. Liver cirrhosed. A few ex- 
travasations in pyramids of kidneys. Mucosa of caecum and upper 
colon covered with ulcers, the adberent slough dirty yellowish. Fully 
one-half the area of membrane thus involved, the remainder is pale. 
Lungs normal. From the spleen, hog cholera as well as butyric bacilli 
appeared in a beef-infusion culture. In a tube of gelatine the colonies 
were very numerous. 

December 12. — No. 43, small black and white male, died December 10. 
No discoloration of skin. Spleen very large, friable, gorged with blood. 
Inguinals and lymphatics at lesser curvature of stomach hemorrhagic 
throughout. Those of mesentery and mesocolon less so. A few 
petecchise on surface of kidneys. Liver slightly cirrhosed. Mucosa of 
caecum pale, of colon considerably congested. A few small ulcers with 
hemorrhagic border. Mucosa in fundus of stomach deeply congested. 
Slight hemorrhage in principal lobe of each lung, otherwise both nor- 
mal. Bronchial glands hemorrhagic. Hog cholera bacteria quite abun- 
dant in spleen, as shown by cover glass preparations and cultures. 

December 15. — No. 44, medium-sized white female, died yesterday 
morning. Slight reddening of skin along medianline of abdomen, limbs, 
and throat. Spleen enlarged and engorged. Inguinal, bronchial, retro- 
l)eritoneal and meso-colic glands with cortex hemorrhagic. Liver badly 
cirrhosed. In caecum one ulcer an inch across, involving entire thick- 
ness of wall, and few smaller ones. A few in upper colon. Lungs 
oedematous. At least one-half of each lung (most dependent portion) 
airless, of a red flesh color. Sprinkled through it in some places more 
densely than in others are grayish-yellow areas one-half to two milli- 
meters in diameter. Trachea full of foam. Bronchi contain a thick 
mucous secretion, most abundant in the diseased region. A roll cult- 
ure from the spleen contains numerous colonies of hog cholera bac- 
teria. From a bit of lung tissue a rabbit was inoculated ; a plate culture 
from the same shows a very large number of colonies, probably hog 
cholera. The rabbit died on the seventh day. Spleen enlarged. Coagu- 
lation necrosis in liver, which also contains coccidia. Hog cholera bac- 
teria numerous in spleen, as shown by cover-glass preparations and roll 
cultures. 

No. 45, large black-and-white female, died December 13. Slight red- 
dening of skin. Spleen large, congested. Lymphatics in general with 
cortex hemorrhagic. Liver badly cirrhosed ; surface dotted with hem- 
orrhagic points. Kidneys on surface and on section, as well as mucosa* 
of csecum and upper colon, dotted with numerous petecchiae. No ulcer- 
ation. Large quantity of bloodstained serum and coagula in pleural 
sacs, chiefly in the right. Lungs not collapsed, infiltrated with a red- 
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diish Bemm ; left hypostatic. Abundant mncons secretion in bronchi 
and smaller air tubes stained with blood. No hepatization. Roll cult- 
ure from a bit of spleen contains a large number of colonies of hog 
cholera bacteria. The same may be seen in cover-glass preparations from 
the spleen itself. 

No. 46. Large black-and-white male, died December 13. Spleen en- 
larged and congested. Abdominal lymphatics with cortex more or less 
congested. Liver slightly cirrhosed. One large ulcer on valve about 1 
inch across; several half as large in the middle of colon. Mucosa 
deeply congested in caecum and colon ; much pale serum in pleural 
sacs. Lungs slightly cedematons. Of right lung the principal near 
root, ventral and tip of cephalic airless, collapsed. One lobule on ventral 
(diaphramatic) surface of principal lobe airless, with faint catarrhal in- 
jection of bronchioles and alveoli ; of left lung a small portion of the 
principal collapsed; the ventral and cephalic emphysematous. The 
trachea, bronchi, and branches contain a large quantity of a translucent 
viscid mucus; no lung worms present. Bronchial glands enlarged, pale; 
those on posterior aorta with cortex hemorrhagic. Extravasations 
beneath epicardium. A plate culture from a bit of lung tissue develops 
about seventy-five colonies of hog cholera bacteria. A rabbit inoculated 
from the same bit remains well. A roll culture from the pig's spleen 
contains about fifty colonies alike; one examined is made up of motile 
hog cholera bacteria. 

l)ecemher 17. — No. 47, small female, died yesterday. Superficial in- 
guinals entirely hemorrhagic. Mesenteric glands slightly congested. 
Spleen barely congested. Mucosa of lower ileum completely ulcerated. 
Similarly that of caecum and upper colon, but more severely so as to 
make the intestinal wall very friable. In lower colon the ulcers are 
isolated. Lungs and heart normal. In a roll culture from a bit of 
spleen tissue about one hundred colonies of hog cholera bacteria ap- 
peared. 

No. 48, medium-sized black-and-white female, died last night. Super- 
ficial inguinals enlarged, pale. Abdominal lymphatics in general 
with cortex hemorrhagic. Spleen congested; surface covered with 
numerous elevated blood-red points. Liver extensively cirrhosed. 
Mucosa of ileum dotted with petecchiae. It contains about fifteen ulcers, 
not limited to Beyer's patches, with longer diameter transverse, in some 
cases encircling the tube. The ulcer is covered by a thin yellow 
slougii. One ulcer, one-half inch across, in caecum, and two in colon. 
About one-half pint of straw-colored serum and a mass of semi- 
gelatinous pale coagulum the size of a fist in each pleural sac. Lungs 
but partly collapsed, pleura slightly roughened. Interlobular tissue of 
dependent lobes distended with serum, parenchyma (edematous, so as 
to sink in water. Bronchi contain a slight amount of reddish fluid. In 
a roll culture from a bit of spleen pulp about two hundred colonies of 
hog cholera bacteria appear. 

December 24. — No. 49, large, black and white. Spleen gorged with 
blood. Lymphatics generally pale; liver cirrhosed. Caecum and colon 
with walls thickened and very friable; mucosa entirely ulcerated. One 
ulcer in rectum. A roll culture from the spleen melted, but found to 
contain on examination only hog cholera bacteria. 

DISEASE IN HEALTHY PIGS CAUSED BY MATERIAL FROM THIS EPI- 
ZOOTIC. 

JHovemher 21.— Two pigs (Nos. 434, 435), about two months old, fed 
with spleens from several of the preceding cases. Two days later a few 
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more spleens were given them. Both became sick a few days later and 
died November 28, about twelve hours apart. 

No. 434. Spleen slightly enlarged, full of blood. All glomeruli of kid- 
neys show as hemorrhagic points ; lymphatics moderately congested. 
Stomach along entire fundus deeply congested. Superficial small ul- 
cers in caecum and colon ; in the caecum tbey are covered by a project- 
ing slough. Eight ventral and cephalic lobes collapsed, the former de- 
veloped into broncho pneumonia (catarrhal injection of small air tubes 
and alveoli). A few lobules of left principal lobe in the same condition. 
Hog cholera bacteria in the spleen as determined by a gelatine and a 
liquid culture. A rabbit was inoculated with a bit of lung tissue and 
a plate culture made. This developed countless colonies, nonliquefy- 
iog, alike, shown to be motile hog cholera bacteria. Eabbit dies on sixth 
day. Spleen moderately congested; contains many hog cholera bacte- 
ria. In liver, minute foci of necrosis. A gelatine culture from the spleen 
contains numerous colonies of hog cholera bacteria. 

No. 435. Spleen enlarged, covered with hemorrhagic elevations. Kid- 
neys hemorrhagic as in No. 434. Stomach near pylorus deeply con- 
gested. Caecum and entire colon covered with a dirty yellowish and 
blackish slough. Eight and left ventral lobes, a small portion of right 
principal and left cephalic affected with broncho-pneumonia. Cultures 
from tbc spleen of this animal were confused with those of another pig 
(No. 25), but one set remained sterile ; the other contained hog cholera 
bacteria, and it is highly probable that the fertile cultures belonged to 
this animal. 

A few additional cases are cited to show the infectious nature of 
this outbreak. 

No. 436 and No. 437 were placed, November 27, in the infected pen 
containing the two preceding animals. They were also fed portions of 
hog cholera viscera later on. No. 436 was found dead December 27. 
Red blotches on skin of ventral aspect of body. Superficial inguinals 
hemorrhagic. Other lymphatics enlarged but pale. Spleen slightly 
congested. Mucosa of caecum and colon deeply congested and dotted 
with considerable number of small ulcers. A roll culture from the 
spleen melted, but contains only hog cholera bacteria according to mi- 
croscopic examination. No. 437 did not take the disease. 

No. 449 and No. 452, placed in the same pen December 17, but not fed 
with infectious matter, died December 29. The lesions were somewhat 
different from those usually found, and are briefly as follows: 

No. 452. Spleen and lymphatics not enlarged. Large quantity of se- 
rum and fibrinous coagula in abdomen. Viscera generally agglutinated. 
Lungs glued to chest wall by a recent exudate. Pericardium distended 
with serum and coagula. Lung tissue not affected. Kidneys deeply 
reddened. Mucosa of caecum and colon entirely covered with a thin 
layer of diphtheritic exudate ; when scraped away a deeply reddened 
surface is exposed. Numerous small, deep ulcers present. A roll cult- 
ure of spleen, also melted from the heat of laboratory, contains only hog 
cholera bacteria. In No. 449 tbe lesions were the same, excepting the 
pericarditis. The ulceration of large intestine less extensive. 

Two very instructive cases of hog cholera were caused by simply ex- 
posing pigs on an infected asphalt floor in a pen adjoining cases of the 
disease. 

No. 464 and No. 466, about three and one-half months old, exposed with 
six others January 4. No. 464 died January 11. Superficial inguinals 
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normal. Those in abdomen much tumefied and hemorrhagic through- 
out. Spleen enlarged, friable, with hemorrhagic points. Several patches 
of mucosa in fundus of stomach one-fourth to one-half inch across, 
covered with blood clots. In large intestine only a few scattered petec- 
chiae on mucous membrane. Some subpleural hemorrhages in lunges; 
lung tissue normal. Scattered petecchiae on epicardium of auricles and 
ventricles. On cover glass preparations from spleen pulp a moderate 
number of bacteria were present. In several roll cultures only colonies 
of hog cholera bacteria appeared. 

No. 4(iC died January 13. Skin of ears, throat, nose, limbs, and belly 
deeply reddened. Spleen as in No. 464. A few petecchiae on epicardium. 
Kidneys as in No. 4G4. Urine contains blood. The mucosa of large intes- 
tine in general deeply congested and studded with about fifty ulcers 
one fourth inch across. Mesocolic and retro- peritoneal lymphatics 
with cortex hemorrhagic. Stomach as in No. 464. Lungs normal, ex- 
cepting collapse of two thirds of ventral lobes. Koll cultures from a 
bit of spleen pulp gave the same result as in preceding case. 

BRIEF SUMMARY OF THE IMPORTANT FEATURES OF THIS EPIZOOTIC. 

The high percentage of mortality in epizootics of hog cholera like 
the foregoing is the first thing to claim our attention. Out of 119 ani- 
mals not less than 100 perished within the brief space of two months, 
or over 80 per cent. As no disinfection was resorted to, no isolation of 
the healthy attempted, it is difficult to say what number could have 
been saved. At any rate, the above figures indicate the mortality of 
this disease when left to itself, and it shows that nearly all young 
animals, such as weigh between 50 and 100 pounds, are susceptible to 
this disease. 

Most of the animals died rather unexpectedly. Only a comparatively 
small number were visibly diseased some time before death. Since in 
many there was more or less ulceration in the large intestine, it indi- 
cates that animals may be in a very bad condition and become a source 
of infection for others without necessarily showing it. 

The swill feeding has already been mentioned as a probable cause of 
the cirrhosis of tbe liver observed in so many of these animals. This 
organ was tough and imparted a gritty sensation to the hand when cut. 
The parenchyma was softened and degenerated. It seems reasonable 
to suppose that this chronic malady may have made the herd more 
susceptible to the disease. 

Hemorrhagic lesions. — At least one-third of the cases examined showed 
lesions of a hemorrhagic character. The most common was an infiltra- 
tion of the cortical portion of lymphatic glands with blood; sometimes 
the entire gland appeared hemorrhagic on section. As regards the rel- 
ative frequency of this condition, the bronchial, posterior mediastinal 
(aortic), and inguinal glands stood first ; next, tbe retroperitoneal, 
mesocolic glands and those in the lesser curvature of the stomach. 
The mesenteric glands were rarely aftected. Accompanying this con- 
dition of the lymphatics was a very large spleen, its great size being 
simply due to an engorgement with blood. 
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Kext in frequency were the hemorrhagic lesions of serous membranes, 
in the form of punctiform extravasations, larger ecchymoses, and very 
rarely of collections of blood infiltrating the muscular layers beneath 
the serous membrane. These extravasations were most frequent on the 
auricles ni'd ventricles of the heart, under the serosa of the large and 
small intestines, beneath the pulmonary pleura, and in the subcutane 
ous tissue. In the severest cases blotches appeared on the diaphragm- 
and costal pleura. In about 10 per cent, the kidneys were hemor- 
rhagic. The glomeruli then appeared as minute blooel-red points. To 
this may be added hemorrhages in the pyramids and extravasations col- 
lecting around the papillae. 

The mucous membrane of the stomach in hemorrhagic cases was 
deeply reddened in the fundus; in some cases there was hemorrhage 
into the membrane, more rarely on the surface. The mucosa of the 
small intestine was usually' intact, but that of the large intestine in the 
acute form of the disease was in the same condition as the stomach. In 
older cases, when not covered with ulcers, it was either pigmenteel or 
(lark red, chronically congested. This outbreak was characterized by 
iiemorrhagic lesions more than any other which we have examined. Our 
experience has been that the early cases are hemorrhagic and are suc- 
ceeded by those in which ulceration, cellular infiltration of the lym- 
phatics and signs of weakness, such as serous effusions, predominate. 

In some of the animals in this outbreak there were most extensive 
homorrhages. In one the mucous membrane of the stomach was sepa- 
rated from the muscular coat by an extensive clot one-half inch thick. 
In five cases (10 per cent.) the lungs were the seat of extensive hemor- 
rhages, which literally converted the most dependent lobes into a blood 
clot and filled the pleural sacs with bloodstained serum. In a consider- 
able number both peritoneal and thoracic cavities contained much blood- 
stained serum. 

Ulcerative lesions. ^JJlcevs of the large intestine were present in 36 
out of 49 cases, or 70 per cent. They varied from verj^ slight to very 
severe and extensive lesions, involving in a small number nearly the 
whole mucous membrane of the ctBCum and colon. The rectum was 
quite invariably free from disease. The age of the ulcers can not 
be determined, as the process of necrosis and subsequent ulceration 
seems to vary much in rapidity. In a few cases it was not limited to 
the mucous membrane, but e.\tcnded into the muscular wall, produc- 
ing considerable local inflammation and thickening of the serous mem- 
brane. In rare cases the necrosis and cellular infiltration had made the 
intestinal wall so friable that it broke when handled. When the ulce- 
ration was slight it was frequently confined to the ileo caecal valve and 
adjacent membrane, which consists of a large patch of lymph follicles 
and some mucous glands. The ulceration in this situation was accom- 
panied by an extensive neoi)lastic thickening of the valve beneath the 
ulcer, indicating that the ulcer was old. In 5 cases (10 percent.) the 
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lower ileam was ulcerated (Nos. 5, 21, 38, 47, 48) ; tbe ulcers seemed to 
bave no relatiou to Peyer's patches. 

Oomplications, — Peritonitis, pleuritis, and pericarditis were not un- 
common complications usually accompanying old ulceration. 

Lung lesions. — Tbis epizootic was studied mainly for tbe purpose of 
determining tbe condition of tbe lungs in bog cbolera. Swine plague 
is essentially a disease of tbe lungs, secondarily of tbe digestive tract. 
It may be possible to find some cases of swine plague in wbicb the 
large intestines are primarily diseased. Tbus far they bave not come 
to our notice. From tbe facts obtained from tbis epizootic we may 
safely assume that hog cbolera produces no lesions wbicb may not be 
found in tbe lungs of apparently healthy animals of tbe same age, and 
which may be due to tbe debility caused by tbe infectious disease. We 
must accept, however, the hemorrhages found in a small percentage of 
cases. Such are co-existent with hemorrhages in most other organs, 
and are not spocitic lung lesions. (See Nos. 7, 17, 21, 22, 43, of autopsy 
notes.) The lesions found on post-mortem examination were either sim- 
ple collapse or lobular broncho pneumonia following it. 

Simple collapse usually involved tbe two ventral dependent lobes 
more rarely portions of the small cephalic and the principal lobes. The 
collapsed lobes, or groups of lobules interspersed among emphysematous 
lobules, appeared slightly, if at all, depressed. The color appro;icbcd 
that of red flesh. In only a few instances could plugs be found occlud- 
ing the bronchi. Sections made from lobules in this condition show a 
number of interesting features. Tbe alveolar walls are crowded together 
in some places till they almost touch one another. Besides tbe fibrin, 
tbere may or may not be one or several large cells, round, with much 
protoplasm inclosing a vesicular nucleus. The bronchi are all openj 
tbe epithelium intact. Tbe alveolar walls are not changed, nor is there 
any round cell infiltration to be seen. In circumscribed areas the capil- 
lary net-work is distended with blood corpuscles, while all the larger 
vessels are similarly filled with these elements. In the alveolar duct 
tbere is now and then considerable fibrillar fibrin well brought out by 
Wcigert's stain. 

In about 15 per cent, of tbe animals examined one of the smaller 
ventral lobes was airless throughout and moderately enlarged. Viewed 
from tbe surface, tbe diseased lobe is bright red, dotted with minute, 
pale grayish or yellowish points of a diflt'use haz^^ outline, each not more 
than 1 millimeter (J^ inch) in diameter. They are usually arranged in 
groups of four, and represent tbe ultimate air-tubes tilled with cel- 
lular exudate. Tbe larger bronchi are also occluded. Tbe exudate is 
yellowish white, so firm tliat it is possible to tear away the lung tissue 
with needles without necessarily breaking up tbe inclosed exudate. It 
may thus be teased out in tbe form of branching cylinders, becoming 
smaller, and finally dwindling down to tbe size of a coarse hair. 

In microscopic sections the alveolar walls are found beset with dis- 
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tended capillaries. The alveoli are filled ap with cellular masses, fibrin 
appearing very rarely. In most alveoli the cells are large, round, with 
vesicular nucleus, evidently derived from the alveolar epithelium. In^ 
some alveoli and in the smallest air-tubes the cell mass is so dense that 
individual elements can only be seen with difficulty, but they appear 
to be identical with the cells just described. The process seems to be 
accompanied with very little inflammation. The desquamation and 
proliferation goes on in the alveoli and smallest air-tubes until they are 
occluded by the casts described. Of the 49 animals of the same herd, 
17 were found with collapse (Nos. 1, 7, 8, 12, 13, IC, 18, 21, 23, 24, 28, 32, 
34, 35, 41, 44, 46), and eight with lobular broncho-pneumonia (Nos. 2, 5, 
9, 14, 19, 22, 30, 37 ; see also Nos. 434 and 435). More than one-half, 
therefore, had some defect of the lungs. 

It might be questioned whether such lesions as those of broncho-pneu- 
monias are not due to swine i)lague bacteria, since they closely resemble 
the appearance found in many swine plague lungs. This question is 
eflectually disposed of by the inoculation of lung tissue into rabbits. 
From 10 lungs IG rabbits were inoculated. Of these lungs 8 were in- 
volved in simple collapse; 8 in broncho-pneumonia. Of the IC rabbits 
4 survived (Nos. 9, 18, 23, 40) ; the remainder died of hog cholera 
(Nos. 2, 5, 12, 14, 10, 22, 28, 30, 34, 37, 44, 434). (The notes on these 
rabbits will be found in the autopsy notes of the swine as numbered.) 
Of the 4 survivors 3 had been inoculated from collapsed lung tissue, 
1 from a broncho-pneumonia. It is interesting to note that of these 
rabbits 1 died in six days, 4 in seven days, 3 in eight days, 2 in 
ten days, 1 in thirteen days, and 1 in fifteen days after inoculation. 
Plate cultures from the corresponding bits of lung tissue showed a vari- 
able number of colonies almost invariably non-liquefying, and in many 
cases identified as hog cholera bacteria. 

These facts lead to the inference that in hog cholera the specific 
bacteria will find their way to any diseased poi*tion of lung tissue, and 
there multiply to a certain extent. In one case a plate culture from a 
bit of normal lung tissue showed but one or two colonies, while a bit of 
collapsed tissue from the same lung showed a large number. There is 
no doubt that the slight exudate and feeble circulation in collapse and 
the abundant partly cellular, partly mucus or fibrinous exudate into 
the air spaces in broncho-pneumonia furnish a favorable nidus for 
pathogenic bacteria. These may have been carried there by the blood or 
they may have been introduced from without. If the latter supposition 
prove true, and there are no valid objections to it, diseased lungs in 
hog cholera may not only become the means of disseminating the dis- 
ease through the mucus and expired air, but they may become the chan- 
nel, the weak spot, through which the virus enters the organism. 

To elucidate this question, if possible, the following instructive ex- 
periment was made : 

Two pigs (Nos. 460 and 401), about ten weeks old, received each into 
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the right iuu^, peceiDber21y 3 cabic ceDlimetersof a bcef-infasionpep- 
totie culture two days old, inoculated from a single colony growing in a 
roll culture. This had been made from a bit of spleen tissue from No. 
40 of the outbreak described in the preceding pages. There were about 
fifty colonies in the tube, all alike. To test the culture, a rabbit Tl^ceivcd 
at the same time one-ninth cubic centimeter snbcutaneously in the thigb. 
It died in five days. The spleen was much enlarged, blackish, friable, 
and contained hog cholera bacteria. A roll culture contained numerous 
colonies after two days. The liver contained no centers of coagulation 
necrosis, as the animal had succumbed too quickly. 
. No. 460 became very weak in its hind limbs in less than a wcekj res- 
pirations short and quick; bowels relaxed. It was found dead on the 
ninth day. Superficial inguinal glands normal. Petecchise in the slight 
deposit of fatty tissue beneath peritoneum of abdominal muscles. 
Spleen about 12 inches long, IJ inches wide, and three-fourths inch 
thick at the hilus, blackish, friable. A few petecchiae on cortex of 
left kidney. One cyst, the size of a large pea, in medulla. A large 
number of small hemorrhages in connective tissue around pelvis of 
right kidney ; five small urinary cysts not showing on surface. Glands 
in lesser omentum enlarged, hemorrhagic throughout. In crecum and 
colon an almost continuous yellow sheet of superficial necrosis, about 1 
millimeter thick, covering the mucosa. In lower colon it breaks up into 
isolated patches, simulating ulcers. In microscopic sections this layer 
is found to consist of necrosed epithelium intermixed with some round 
cells. On Peyer's patches in lower ileum a yellow, soft deposit rests^ 
which is not adherent and might be mistaken for chyle. Lobes of right 
lung glued together and to i)ericardium. Pleura thickened generally ; 
serum very slight in amount, blood stained. On lobes of left lung, 
which are also glued together, and on right lung, there is a very slight 
dex)osit, about one-half millimeter thick, in the form of a net work*. 
The pleuritis and exudate is most marked on the most dependent por- 
tions of the lungs. Cavity of pericardium normal. Lung tissue not 
hei)atized anywhere; trachea and bronchi contain a small quantity of 
reddish fluid. Bronchial glands and those along posterior aorta hem- 
orrhagic throughout. Cultures from pleural cavities, as well as those 
from spleen, contain only hog cholera bacteria. As shown in roll cul- 
tures they were very numerous in the latter organ. 
( While No. 4G0 presented such a well-marked case, No. 4G1, although 
presenting at first the same symptoms, slowly recovered. The differ- 
ence may have been due to the fact that with No. 460 a G-inch needle 
was used, while with No. 4C1 one only 3 inches long. In the latter case 
the chances for the i)assage of bacteria into the lung tissue and thence 
into the intestines were much poorer. 

On July 31, over seven months after inoculation. No. 461 was found 
dead. It had continued well and thrifty, and no more attention had 
been paid to it. Only the lungs and the liver were brought to the lab- 
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oratory, since all the other organs, including the digestive tract, were 
reported normal, excepting the kidnej'S, which were said to be highly 
cougested> 

Lungs, but slightly collapsed, dark red. Cephalic and ventral lobes 
of both lungs and the azygos lobe solid to the touch, f a grayish red 
color, with tortuous injected vessels under the pleura. On section, the 
tissue cuts like cold meat. Color grayish to dark red. The cut ends of 
bronchi show plugs of a glairy mucus. The marginal portion of -the 
lobe is grayish, homogeneous, very dense. Towards the center of the 
lobes the tissue is more reddish, infiltration not so dense, and speckled 
with small masses (one-half millimeter across) of a yellowish-white, 
Lomogeneous, cheesy matter. On the border of the right cephalic lobe 
an encysted mass, chees}', yellowish, gritty to the knife, evidently the 
result of the inoculation. There were reported adhesions of the dis- 
eased lobes to chest wall, indicative of pleuritis. 

Bronchial glands slightly larger than walnuts, of a uniform grayish 
dense texture. Trachea and bronchi occluded with a blood clot of very 
recent origin. In the extremities of the large bronchi lung-worms em- 
bedded in the clot. 

Heart of normal size, rather flabb}'. Both auricles and the attached 
vessels filled with tarry semi coagulated blood. In left auricle a white 
clot also present. Left ventricle firmly contracted. 

Liver small; surface roughened with adherent Hakes of tissue, indi- 
cating old perihepatitis. Parenchyma tough, resembling in texture 
very soft rubber. Acini witL dark center and pale bloodless perij)hery. 

The immediate cause of death was pulmonary hemorrhage; the re- 
mote cause, the broncho-pneumonia caused by the inoculation. The 
lung worms aggravated the lesions already present. What is most in- 
teresting in this connection is the fact that hog cholera bacteria were 
still present in the lung tissue, as the following will show : 

Three roll cultures made from bits of lung tissue; the developing 
colonies all alike and resembling those of hog cholera bacteria ; no 
liquefying colonies in any tube. Beef infusion cultures from the indi- 
vidual colonies demonstrate the identity of the bacteria with those of 
bog cholera. A rabbit inoculated with sterile beef infusion, in which a 
bit of lung tissue had been torn up, remained alive, while another rab- 
bit, inoculated from the pure culture made of the colonies of the roll 
culture, died in six days with enlarged spleen, coagulation necrosis in 
hver, extravasation in lower large intestine, and many hog cholera bac- 
teria in spleen. Cultures from blood and spleen pure. 

The lung disease in this animal could not have been more than three 
months old, and was very likely due to the injury to lungs resulting 
in adhesion to chest wall and the inflammation around the encysted 
mass. 

This experiment shows (1) that hog cholera bacteria, when intro- 
duced into the lungs, do not produce a specific parenchymatous inflam- 
mation of themselves ; (2) that they may pass from the lungs by way 
of the pharynx into the digestive tract and there produce their charac- 
teristic effect. 
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Bacteriological observations. — The preceding experiments ou rabbits 
and tlie intrathoracic inoculation in case of the pigs are sufficient of 
themselves to establish the fact that the bacteria described in the re- 
I>orts of the Bureau for the years 1885 and 1886, and again found in this 
epizootic, are the cause of hog cholera. It may be added, however, 
that out of fifty-six cases (here reported) hog cholera bacteria were 
found in the spleen of all but six. Even in these the cultures made 
were too few to make the negative evidence of any value. 

In many cases the hog cholera bacteria were associated with a rather 
large bacillus, which, for the sake of convenience, wo will call butyric 
bacillus.* This organism was only detected when a bit of spleen was 
dropped into beef infusion, with or without peptone. The culture, kept 
at about 35° C, contained on the second and third days a cloudy mass 
limited to the bottom of the tube. The cloud was made up of bacilli, 
rather large, with a spore in one extremity of the rod strongly refract- 
ing the light. The rod was not enlarged at this end in the fresh state. 
A\ hen dried and stained, the shrunken protoplasm gave the spore bear- 
ing end a swollen appearance, reminding one of the tailed bacteria of 
older writers. In the few tubes in which this bacillus alone was pres- 
ent the liquid itself remained perfectly clear ; when hog cholera bac- 
teria were present, it became uniformly but faintly clouded. In liquid 
cultures, without the bit of spleen, the bacilli did not develop. This 
was evidently necessary as food material. In gelatine-tube and roll 
cultures the bacilli did not grow. They are very likely anaerobic or- 
ganisms, abundant in the alimentary tract, and absorbed from ulcers 
or lesions of blood-vessels into the circulation before death, in the spore 
state, and their development kept in check until that occurs. It is also 
probable that they are important factors in the rapid changes which 
may take place after death. They are quite constantly found in the 
liver of different animals when post mortem changes have begun to de- 
velop. 

In some half dozen cases decomposition was so far advanced that no 
thorough examination was made. At first it was thought that the ani- 
mals had been dead several days, but the i)erson in charge of the herd 
asserted that they had died during the night. Although the tempera- 
ture had fallen below 30^ Fahrenheit (1^ C), decomposition was far 
advanced. It may be that the live animals crowded upon the dead 
and thus kept the bodies warm. Yet this supposition is not capable 
of accounting for the rapid changes. The hemorrhagic lesions may have 
enabled various bacteria to become distributed throughout the body. 
The heat disengaged by them during multiplication, aided by the body 
heat of the animals still alive, may have been sufficient to keep up the 
process of decomposition. This^os* woWewi growth may also account 
for the large number of hog cholera bacteria found in many spleens, 

* Whether this bacillus is identical with the bacillus of malignant cedema, as has 
been asserted by some, I do not know, as no experiments were made to test its path- 
ogenic power. 
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although the temperature of the air was far below the point where mul- 
tiplication may take place. 

Ill the foregoing epizootic, as well as in those studied in 1885, and 
188G, there was no diflBcuUy whatever in demonstrating tbe presence 
of the hog cholera bacillus in the spleen. The herd referred to in the 
preceding pages was swillfed, and the animals were very likely crowd- 
ing each other more or less, not being compelled to hunt I'or-food. 
Hence each one was exposed to a large quantity of virus. Tbe same 
may be said of the penned pigs at the Experiment Station. The dis- 
eased animals found in different localities were brought to the station 
and penned with healthy ones. A severe epizootic was quite invariably 
the result, owing to the unusually good opportunity for infection in the 
pens and tbe saturation of the floors and soil of the pens with virus. 

When swine roam over a considerable extent of territory in search 
of food, the virus is more widely distributed but less concentrated. 
Less virus is therefore taken ui> by individual animals, and although 
the disease is equally fatal in the end, the course may be somewhat 
different and the lesions less extensive. At the same time the bacte- 
ria may elude observation. They may remain more or less localized, 
owing to the reactive power of the organism, which destroys those that 
have entered the internal organs. To those who would give up the 
search for hog cholera bacilli after a few unsuccessful attempts to fiud 
them, we would reccommend the perusal of the following three cases, 
after having reviewed the epizootic just described: 

Hog cholera prevailed more or less in Montgomery Count^^, Mary- 
laud, during the latter weeks of September and the early part of Oc- 
tober, 1888. October 17 Mr. H lost about 22 out of a herd of 55 

to 00 swine during the past four weeks. Of those now scattered in a 
large field 2 appear ill j 1, a small black shoat, is killed by cutting its 
throat and examined. The superficial inguinal glands are very much 
enlarged, the surface mottled, dark red. The spleen large, but pale 
and rather firm. The liver shows signs of invasion of the sclerostoma 
pinguicoJa. The lymphatic glands at lesser curvature of stomach are 
very large; cortex completely hemorrhagic. 

Tbe left lung normal; the principal lobe of the right lung has in it 
a mass of tissue involved in broncho pneumonia, extending obliquely 
from the free border to near the dorsal region, about 1 inch thick ; 
tbe lymphatics along the dorsal aorta are likewise hemorrhagic ; the 
stonjach filled with food ; small intestines contain a number of attached 
echinorhynchi) tbe large intestines distended with semi-solid fecal mat- 
ter; the mucosa in general is normal, but in the caecum are two ulcers 
about three-eighths inch across, round, slightly elevated, with center 
black and periphery yellow; beneath the superficial slough is a 
whitish, firm, new growth, extending to the muscular coat in the center 
of the ulcer. 

The spleen and the right lung were taken to the laboratory. From 
tbe former cultures were made on agar^ in gelatine and beef infusion, 
by adding bits of spleen tissue as large as peas. In no tube did any 
development take place. A rabbit inoculated by tearing up a piece of 
bepatized lung tissue in sterile beef infusion and injecting tbe turbid 
liquid subcutaneously remained well. 
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Several miles from the first farm wo camo upon a herd of young pigs 
which were just showing signs of disease, altliongh none had been lost. 
One of them, with unsteady gait, which bid in the litter under a shed 
and returned to it when driven away, was killed by bleeding from the 
vessels of the neck. The lungs were without a sign of disease. Spleen 
enormously enlarged and gorged with blood. The lymphatic glands of 
groin and about stomach very large but rather pale, and oedematous 
on section. Stomach filled with food. Large intestines overdistended 
with very dry^, hard feces, somewhat softer near caBcum ; in the latter 
only one ulcer and this on the valve, about one-fourth inch across and 
of the same nature as the one found in the preceding case. 

A portion of the spleen of this animal was taken to the laboratory 
and cultures made, as in the previous case, with bits of spleen. All 
cultures remained permanently sterile. 

Several miles from the latter place we found the disease on a farm 
situated on a hill. The swine were allowed to go a considerable dis- 
tance down the slope to a marshy stream. The owner had lost C or 8 
out of a herd of 20 to 25 within six weeks. A few were evidently ill, 
but none were killed, as a dead one was found. It had probably died 
during the night. The buzzards had consumed nearly all the intes- 
tines through a small hole near tl^e pubis. Putrefaction had already 
set in. Spleen enlarged, slightly congested. In the small portion of 
the large intestine, which still remained, an ulcer was found three- 
eighths inch across. The glands of lesser omentum with hemorrhagic 
cortex. The stomach contains a small quantity of bile stained fluid. 
Both lungs glued to chest wall by coagulated fibrin from blood extra- 
vasation. Left lung contains about ten to fifteen hemorrhagic foci, 
visible under pleura, one-fourth to one-half inch across. The principal 
lobe of right lung solid, granular, involved in broncho-pneumonia. The 
hepatized lobe was discolored by recent and extensive blood extravasa- 
tion. A gelatinous deposit under sternum resting on pericardium. 
The semi-decomposed condition of the animal prevented a mor » careful 
examination. Portions of the spleen and hepatized lung tissue were 
taken for examination. 

While the spleen of the two preceding cases showed no indications 
of bacterial life on cover-glass preparations, the spleen of this case con- 
tained a considerable number of bacteria resembling hog cholera bacilli 
very closely. On gelatine they grew differently from the latter, and 
the cultures emitted a slightly offensive odor. In liquids they were 
actively motile. They were putrefactive bacteria, without effect upon 
two rabbits inoculated with large quantities of the cultures. A rabbit 
inoculated with the diseased lung tissue remained well. The latter on 
closer examination had a texture as granular as the roe of fishes, the 
granules being inspissated cell masses in the alveoli and air tubes. At 
least four different kinds of bacteria were present in large numbers. • 

The absence of bacteria from the spleens of Nos. 1 and 2 is in har- 
mony with the results obtained in other infectious maladies when ani- 
mals are killed in the early stages or during the height of the disease. 
It is only in the last stages that the bacteria become most numerous and 
appear in sufficient numbers in the internal organs to be easil}' detected. 
In the third case, death was very likely brought on by pulmonar}^ hemor- 
rhage not infrequently found in hog cholera. The specific bacilli pro- 
duced at first the ulcers, and were either working their way slowly 
into the, internal organs or else were being destroyed in the ulcer itself. 
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The latter termiuation would signify recovery; the former death. These 
ulcers might be aptly compared to the malignant pustule in man, in 
which the virus remains at first localized but may spread throughout 
the system after a time. The presence of numerous ulcers in swine in 
the first epizootic is to be regarded as a multiple infection, while in the 
three cases just cited the infection was limited to a few foci or but one. 
The ulcers would no doubt have revealed the virus, but our previous 
experience with spleens of diseased swino made it seem unnecessary to 
study the ulcer itself. As regards the lung disease of the third case, 
nothing positive can be said. It resembles most closel}' chronic swine 
plague. The germ of this disease was not present, however, as shown 
by the rabbit inoculation. 

Buzzards may carry the disease from one place to another. When 
the dead animals are at all exposed to view they are immediately at- 
tacked. Whether ho^ cholera bacteria are entirely destroyed in the 
digestive tract of the birds can not be said, but there is nothing in the 
range of our knowledge of bacteria which will exclude the probability 
that the bacteria are not all destroyed during the process of digestion, 
and that they may be distributed by these birds from place to place in 
the discharges. 



THE CAUSATION OR ETIOLOGY OF HOG CHOLERA. 

The suspicion entertained by those engaged in the study of diseases of 
man and the lower animals that infectious or communicable diseases 
are due to living organisms of the lowest order, capable of rapid multi- 
plication by the process of fission and spore-formation, has been trans- 
formed into conviction during ihe past ten years. A considerable num- 
ber of the most common, most dreaded diseases have been proved to 
be caused by exceedingly minute, plant-like organisms known under 
the general name of bacteria. Among animals the micro-organisms 
causing anthrax, black quarter, tuberculosis, glanders, strangles, infec- 
tious pneumonia in horses and swine, and rouget in swine have been 
very thoroughly demonstrated. The opinion has been steadily gaining 
ground that in order to control infectious diseases we must learn thdr 
causes and the life history of the pathogenic bacterium found in each 
disease. These will suggest to us the measures that are most likely to 
prove successfnl in combating such maladies. Moreover, it is pretty 
well accepted to day that the prevention of infectious diseases is the 
main thing to be arrived at in our studies, and that their treatment 
when they have once obtained a foothold is at best tentative and rarely 
successful. This is especially true of the lower animals. They cannot 
be treated with the same care which is accorded to human beings at- 
tacked by infectious diseases. They are (in some diseases at least) 
always scattering the living virus and thereby endangering those still 
free from disease. 

In the investigation of swine epizootics these facts have been care- 
fully borne in mind, so that most attention has been paid, first, to the 
life history or biology of the micro-organism ; second, to disinfectants 
as destroyers of the specific bacteria; and third, to the various methods 
of preventive inoculation. 

THE BACILLUS* OF HOG CHOLERA. 

During the past three years the number of swine affected with this 
disease which have been examined is about 500. About three-fourths 

*Tho term bacterium^ implying a form genus between micrococcus and bacillus, has 
been almost wholly given up by bacteriologists, and all those forms classed under 
bacteria have been thrown together under the genus bacillus. This change is un- 
iV)rtanate for several reasons, inasmuch as many species were best classed under the 
jgenus hiicterium. This latter term, which was applied to hog cholera microbes ia the 
»e^rt5 of I885''c6-W, js jiow feli|ct;ai|tly gj y^n «p for the sake of uniformity. 
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of tbis number died at the experimental station of the bureau. The 
remainder came from outbreaks of the disease within 2 or 3 miles of the 
Station. Besides these, a small number of animals were examined iu 
some of the Western States. From perhaps 400 the same microbe was 
obtained, there being practically no difference between the pathogenic 
microbes obtained from all the outbreaks thus far investigated. 

Of the internal organs the spleen contains the largest number of 
bacteria, and in acute hemorrhagic cases they are sufficiently numerous 
to be detected on coverglass preparations. A minute bit of spleea 
pulp is rubbed on a cover glass, dried and heated according to the ac- 
cepted methods, and then stained for a few minutes in an {iqueous so 
lution of methyl violet. The bacteria then appear as elongated ovals 
or short rods with rounded ends, chiefly in pairs. When the staining 
has been very brief only the periphery of the rod is deeply stained, the 
central portion being pale and simulating the appearance of an eudo- 
spore. When the period of staining is prolonged to half hour or more, 
the rod may become uniformly staiued. 

Bacteria thus dried on a coverglass and mounted in balsam measure 
from 1.2 to 1.5, occasionally 1.8 micro-millimeters (.OOOOo-.OOOOG inch) in 
length, and about .C micro-millimeter (.000024 inch) iu breadth. 

In sections of the spleen from acute hemorrhagic cases the bacilli 
may be found in considerable numbers. Sections were hardened in al- 
cohol, cut dry, and subsequently stained with aniline water methyl 
violet. They were in some cases decolorized in 1 per cent, acetic acid. 
The bacilli then appear as short, plump rods, with ends rounded off; 
sometimes they are short enough to deserve the name of ovals. The 
periphery is more deeply stained than the central body of the rod. 
They measure on the average 1.5 micro-millimeters. In such sections 
the bacteria appear in small masses in the capillary spaces of the 
spleen -pulp, rarely among the cells of the malpighian corpuscles 
(Plate X, fig. 2). The masses appear more or less star-shaped. The 
bacilli are crowded together iu the center ; from this, linear groups ra- 
diate inio the capillary network. Such masses may be 8 to 10 micro- 
millimeters in diameter. They are fairly numerous in spleens from 
acute cases. That the size of these colonies is not due to postmortem 
multiplication is shown by the fact that the largest and most numerous 
colonies were found in the spleen of an acute case which was examined 
within two hours after death, in the month of !N"ovember. 

In sections of idcers hog cholera bacilli have been searched for, but 
the examination of a large number of ulcers showed that no positive 
results could be obtained. Different ulcers showed different bacteria, 
sometimes large colonies of micrococci, sometimes groups of large ba- 
cilli, following the course of the blood-vessels in the embryonic tissue 
under the slough. These no doubt found their way in from the super- 
ficial slough which seemed to be made up almost entirely of bacteria. 
Moreover, hog cholera bacilli closely resemble many putrefactive forms, 
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so that even if they could be readily seen nothing but a good differ- 
ential stain would enable us to recognize them. That they are present, 
however, may be demonstrated by inoculating mice or rabbits with bits 
of the ulcer. A small number of mice may succumb to malignant oedema. 
The rest will die of hog cholera. In rabbits the local effect of such 
inoculation is usually quite severe, owing to the putrefactive bacteria 
introduced at the same time. 

Staining of hog cholera bacteria. — On cover- glass preparations they are 
easily brought into view by a few minutes' contact with watery' solu- 
tions of the ordinary aniliue colors, such as methyl violet, fuchsin and 
methylene blue. Decolorizing agents, such as acetic acid, one-half to 
1 per cent, must be used carefully lest the color disappear from the 
bacilli also. When stronger dyes, such as alkaline methylene blue or ani- 
Une water fuchsin, are employed, the bacilli are decolorized with greater 
difficulty. Watery solutions should therefore be employed only for 
cover-glass preparations where decolorizing is unnecessary. For sections 
it is well to harden tissues in alcohol. The sections may be stained 
with Loffler's alkaline methylene blue or with aniliue water methyl 
violet or fuchsin for from one-half to one hour. After a a few seconds' 
contact with a 1 per cent, solution of acetic acid they are washed in 
water, then passed through alcohol, turpentine, or xylol or cedar oil, and 
mounted in xylol balsam. No stain which differentiates these bacilli 
very sharply from others has been found. They are decolorized when 
the method of Gram is employed. 

Distribution of bacteria in the body, — This can be best determined by 
the delicate method of cultivation. In acute cases the spleen contains* 
the largest number. In coverglass preparations of sjdeen pulp there may 
be four or five in every field of the microscope. In general, the liver 
contains almost as many bacteria as the spleen. The lungs, lymphatic 
glands, and Iddneys may also contain them in moderate number. They 
are fewest in blood from the heart (right ventricle). In slow, chronic 
cases, characterized by slight ulceration of the large intestine, the 
number of bacteria in the internal organs is very small. From the 
spleen of such cases cultures are made fertile only by using bits of tissue 
as large as split peas. 

When it is of importance to make a diagnosis from a chronic case it 
might be well to adopt the method suggested by Frankel and Simmonds 
for typhoid fever. They wrapped the spleen in cloths wet with a solu- 
tion of mercuric chloride and placed it in a warm room for twenty-four 
hours. The bacilli of typhoid, capable of multiplying: in the organs 
after death when the temperature is not too low, became sufficiently 
numerous to be readilv detected in sections. The same may be said of 
hog cholera bacilli. It must, however, be borne in mind that in chronic 
cases other bacteria may have gained entrance into the body and appear 
in the spleen. Tliese, multiplying at the same time, may give rise to 
erroneous interpretations. 
J5612 H c a 
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Wben the destructiou of tlie mucous membrane in the large intestine 
iH extensive, bacteria of various kinds may be found in the peritoneal 
cavity. The serum collected often contains several varieties of organ- 
isms, and when sections are made of the walls of the peritoneal cavity 
micrococci and bacilli are seen resting in a thin layer upon the perito- 
neum. Sometimes the pleural fluid, and still more rarely the pericar- 
dial fluid, may give rise to cultures of micrococci. These resemble the 
micrococci, causing suppuration in man (staphylococci) in their appear- 
ance and mode of growth in gelatine. The presence of anaerobic bacilli 
in spleen and liver has already been dwelt upon. The presence of bac- 
teria in the peritoneal cavity is easily explained by their passage through 
the ulcers in the intestines. It is a fact worthy of note that only very 
rarely bacteria other than those causing the disease were encountered 
in the spleen and the'circulation. Perhaps those causes or agents which 
destroy bacteria are less active in the serous cavities than in the blood 
and spleen. The various complications of chronic ulceration already 
mentioned, such as peritonitis, pleuritis, and pericarditis, are withoat 
doubt due to this secondary invasion of bacteria, which have the power 
to produce inflammation of serous membranes. It need not be said 
that in the earlier investigations, when little was known of bacterial 
diseases, the explanation of the presence of these microbes was very 
perplexing and misleading. 

Biology of the hog cholera bacillus. — ^The cultivation of bacteria in nu- 
trient media outside of the animal body serves two distinct purposes: 
(1) The diagnosis of specific forms so that they may be easily, recognized, 
and (2) the study of their biology or life historj'. 

a. Diagnostic characters, — Hog cholera bacilli are not readily dis- 
tinguished from a large number of other bacteria found in surface 
waters and in the superficial layers of the soil, either in their form or 
in their manner of growth in culture tubes. The more minor differen- 
tial characters wo can therefore obtain, the more certain our diagnosis 
will be. For this end the hog cholera bacillus was cultivated in as 
many media as were available. 

If a bit of spleen pulp from swine which have succumbed to hog 
cholera be thoroughly shaken up in a 10 per cent, beef infusion peptone 
gelatine, liquefied by a gentle heat, and the whole poured upon a sterile 
glass plate protected from the dust by a bell-glass and allowed to con- 
geal, colonies of hog cholera bacilli will appear within forty-eight hours 
as mere specks to the naked eye. Examined under a low power they 
are spherical, with sharply defined border. The disk of the sphere is 
homogeneous without an}" concentric markings, and of a brownish 
color. This description applies to colonies beneath the surface of the 
gelatine laj^er. Colonies which grow on the surface soon spread out 
into thin pearly layers several times the size of the deep colonies, and 
roundish or irregularly polygonal in outline. 

Besides the deep spherical and the flat surface colonies there is oc- 
casionally a third form present, This is a very faint cloiid like colony 
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growing between the glass plate and the gelatine, spreading as a very 
thin layer laterally and attaining the dimensions of a surface colony. 
Many snch colonies have spherical prolongations upwards into the gela- 
tine layer so as to assume the form of a lid with a knob like handle at- 
tached to its center. It is very probable that the colony begins as a 
sphere in the gelatine layer near its lower surface. As soon as it 
touches the glass, by virtue of its enlargement, spherically, it spreads 
out into the attenuated, cloud-like layer. Such colonies are rare, ex- 
cepting in so-called line cultures made by drawing a platinum wireacross 
the gelatine layer before it has congealed. 

Perhaps the best device for studying the growth of such colonies is 
the Esmarch roll culture.* The gelatine, coating the inside of .the test 
tube, is protected from contamination and desiccation for a long time. 
The colonies have thus the opportunity of expanding to their utmost 
capacity. In a roll culture ten days old, for example, the deep colonies 
were about one half millimeter in diameter, perfectly spherical, the disk 
homogeneous, yellowish white, when viewed with a hand lens. Under 
a 1-iuch objective it appeared reddish brown, with no markings. The 
surface colonies in the same tube were about eight times as large, i. e., 
4 millimeters across. They presented centrally an opaque white patch 
or nucleus, outside of this a more translucent zone, beyond this another 
opaque zone, and lastly a limiting translucent border. The colonies 
were irregularly polygonal in outline. The alternation of thin and thick 
zones was very likely due to the variation in temperature to which 
gelatine cultures were exposed in a badly heati d laboratory, for they 
are by no means always present. (Plate XI, fig. 2.) 

Tube cultures, made by piercing the gelatine in a test tube with a 
platinum wire previously forced into the spleen, show minute jellowish- 
white spheres in the track of the wire in forty-eight hours. These rarely 
exceed one half millimeter even after several weeks. The surface 
growth spreads from the place of inoculation as a thin pearly layer of 
variable thickness, eventually becoming 4 to 6 millimeters in diameter; 
under especially favorable conditions of temperature, etc., it may be- 
come still larger. When the inoculated bacteria are very numerous the 
growth beneath the surface appears as a solid yellowish-white track, in 
which the colonies have become fused together. The gelatine is at no 
time liquefied. The bacilli grow somewhat larger in gelatine than in the 
body of diseased animals. Occasionally filaments of considerable 
length are met with, and in general irregular, involution forms are not 

* These roll cnltnreH are made as follows: The gelatine, liquefied by gentle beat in 
the tube in wbicb it was sterilized, is inoculated with the tissue, blood, nrine, or any 
liquid containing bacteria, and carefully stirred up. A second culture may bo made 
from the first by transferring from it with a platinum loop some of the liquid gela- 
tine. This is done when the number of bacteria in the first tube may be too numer- 
ous. A rubber cap is fitted over the mouth of the tube after replacing and trimming 
the cotton-wool plug, and the tube placed horizontally in ice water and rolled about 
its long axis until the inside of the tube is coated with a uniform layer of congealed 
gelatine. The tube may also be rolled on a smooth block of ice, a method which I 
first saw in the Pathological Laboratory of Johns Hopkins University, and which is 
very useful when rubber caps are wanting, or when it is desirable to lieep the pluj^ 
free from gelatine. 
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uDcoinmou. Wbeu a bit of splceu tissue is rabbed apon an inclined 
surface of agar agar in a culture tube, isolated colonies make their ap- 
pearance within twenty-four hours as circular, grayish-white, semi- 
translucent, very flat cones 1 to 2 millimeters across. When the ba- 
cilli are very numerous a slight prick of the spleen pulp with a platinum 
wire is sufficient. Otherwise the too numerous colonies will coalesce 
into a grayish, shining, semi-opaque layer of scarcely perceptible thick- 
ness. Its appearance on agar can not be distinguished from the growth 
of typhoid bacilli and a number of saprophytic bacteria. On blood 
serum the growth appears as a very thin, grayish, translucent layer. In 
bouillon, either with or without peptone, the bacilli grow rapidl^^ enough 
at 80O to 950 F. to produce a slight opalescence within twenty-four hours. 
This does not increase in density subsequently. There is no membrane 
formed on the surface of the liquid. When standing undisturbed for 
one or two weeks, a white ring-like deposit of bacteria frequently forms 
around the tube at the surface of the culture liquid. There is only a 
very slight deposit formed, showing that multiplication in liquid media 
comes to an end within a few days. 

The length of the bacilli in bouillon is about .9 micromillimeter, their 
width .4 to .5 micromillimeter, therefore somewhat smaller than in 
the spleen. When examined in a drop of bouillon suspended from the 
under surface of a cover-glass in a '' cell," the bacteria are seen to be 
motile. Taken from cultures one or two days old they execute very ac- 
tive spontaneous movements. Their movement is one of rotation as 
well as translation. They quite invariably occur in pairs, and the 
movement of rotation is about their point of union as an axis. The pairs 
of bacilli as they shoot across the field have thus an oscillating motion 
at the same time. The bacilli do not come to rest at all, but swarm 
about very rapidly until the liquid is dried up. 

Though this motility is most marked in recent cultures, it may still 
be seen at the end of one or two weeks in most liquid cultures. 

The same active motion is observed in bacilli taken directly from the 
animal, such as the spleen of rabbits, which have succumbed to inocu- 
lation. If a bit of spleen tissue be rubbed in a drop of sterile water 
on a cover-glass and the whole examined as a hanging drop, in one or 
two minutes the bacilli become as active as in cultures. 

Growth on boiled potato, when at 95° E., appears as a faint straw- 
colored deposit within twenty-four hours after inoclution. At 20^ to 
250 C, it appears one or two days later. It slowly spreads in all direc- 
tions as a layer of percei)tible thickness. The color changes to a dark 
brick red, or may remain whitish. In general the growth is darker the 
more rapidly the potato dries up. 

The growth is also restricted by drying. In some sultures it has 
covered almost the entire cut surface of the potato. In others it re- 
mained as a broad band over the line of inoculation. The bacilli multi- 
ply very abundantly in milk without producing any alteration visible 
to the naked eye. 
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The diagnosis of bog cholera bacilli may therefore be made by taking 
together the following morphological and biological characte'rs : (I) 
Short bacilli with rounded ends, or ovals, readily stained in aqueous 
solutions of aniline dyes. (2) Growth at 65^ to 80° F., on gelatine, with- 
out producing liquefaction. (3) A rather feeble growth in beef infusion 
coupled w ith active spontaneous movements. (4) Growth on t'le cut 
surface of boiled potato at ordinary temperature as well as in the incu- 
bator. (5) Active multiplication in milk without any macroscopic 
changes. (6) Growth in vacuo. (7) Absence of any odor arising from 
the cultures. (8) Fatal effect on rabbits, guinea-pigs, and mice when 
inoculated. This will be discussed later on. 

These characters are emphasized, since we have several times found 
bacteria in the internal organs of swine which may have many points 
in common with hog cholera bacilli ; especially as regards their form, 
motility, and growth in gelatine. In fact in was quite impossible to 
decide until inoculations upon animals were made. The absence of 
pathogenic power was thus made the chief criterion. 

(b) Other physiological characters. —Though alkaline media are as a rule 
most favorable for bacterial multiplication, yet there is a slight devel- 
opment in media containing a small amount of acid, such as Liebig's 
meat extract. 

A feeble development was observed in sterilized hay infusion. 

The temperature range of the active multiplication of hog cholera 
bacteria lies between 00° and 104^ F., being most favorable between 
850 and lOQo F. 

Hog cholera bacilli, though they seem to develop best in presence of 
oxygen, are capable of growing in what is practically a vacuum, i, e., 
they are facultative anaerobic organisms. Comparative experiments 
made with such obligatory aerobic organisms as bacillus subtilis deter- 
mined that while the latter shows no trace of growth in tubes from 
which the air has been removed, hog cholera bacilli grow quite as freely 
as in presence of air. When the latter are shaken up in liquid gelatine 
iu test tubes and the gelatine rapidly congealed the colonies that appear 
throughout the gelatine show no difference in size, whether near the 
surface where air can penetrate or near the bottom of the tube. 

THE DIAGNOSIS OF HOG CHOLERA BY MEANS OF INOCULATION. 

The inoculation of small animals in the study of infectious diseases 
has been of the utmost importance from a diagnostic stand-point. Fre- 
quently bacteria which are nearly identical in form, size, and many 
biological characters, can only be distinguished from one another by 
their effect upon smaller animals. This is especially true of hog chol- 
era, since the specific bacillus closely resembles many forms found in 
decomposing liquids. In the following pages, therefore, a careful ex- 
position of hog cholera as manifested in small animals will be made to 
facilitate the diagnosis of this disease. During the course of these in- 
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vestigatioDS rabbits have been found best for this purpose, although 
ordiuary house mice and guinea-pigs will answer almost as well. 

If a bit of spleen tissue from a case of hog cholera be inserted under 
the skin of the thigh, or simply rubbed upon a slight abrasion made 
on the inner surface of the ear, or if the bacilli from pure cultures be 
used, the disease will be induced. The rabbit will succumb within a 
period after inoculation varying from five to fourteen days (very 
rarely longer), depending upon the number of bacteria introduced. 
The period of incubation, during which the animal shows no symptoms, 
varies from three to five days before death. At this time the tempera- 
ture rises from the normal (102.6O-103.5o F., according to the age of 
the animal), to 107^ or lOS^ F., and remains at that point unt'l shortly 
before death, when, if examined in time, a fall is observed. The height 
of the fever is accompanied by loss of appetite and a tendency to sit 
perfectly quiet. 

The disease thus induces in the rabbit a typical continuous fever in- 
variably ending in death. By way of illustration, the temperatures of 
a few cases are here reproduced : 

Rabbit inoculated June 18, with J cubic centimeter culture liquid; 
weight, 2J pounds ; temperature, 102.5o F. ; at end of first day, 102.7; 
of second day, 104.C; of third day, 105; of fourth day, 108; of fifth 
day, 106.4 ; dead on sixth day. 

Eabbit inoculated June 20, with infected soil, one and one-half 
months old ; temperature on fifth day, 103.4 ; on seventh day, 103.8; 
on eighth daj', 103.8; on tenth day, 107.6; on eleventh day, 107.4; dead 
on twelfth day. 

Eabbit inoculated June 28, with J cubic centimeter of culture liquid ; 
weight, 2^''^ pounds; temperature, 103.7^ F. ; end of first day, 103.3; 
of second da}^, 105.5; of fourth day, 107.8; found dead on seventh 
day. 

The lesions produced are very constant and characteristic. At the 
point of inoculation there is a slight infiltration of the subcutis and 
fascia, and occasionally a slight superficial necrosis of the muscular tis- 
sue. The spleen is very large, perhaps three to five times its normal size. 
The liver presents on its surface yellowish white patches which corre- 
spond to one or more lobules which have undergone coagulation necro- 
sis. These patches vary greatly in number but are rarely absent, pro- 
vided the animal lived long enough to permit their formation, i. e,, not 
less than seven to eight days after inoculation. 

This necrosis appears chiefly in lobules near the surface, although 
occasionally the entire tissue is involved. In some livers the necrosis 
is complete so far as the lobule is concerned. In others it is restricted 
to the peripheral or portal zone of the lobule, in which case a large 
patch of lobules usually undergo the same change. There can be no 
doubt that they represent different stages in the process which seems 
to begin in the portal area. When sections are examined under the mi- 
croscope the liver-cells show as unstained masses without nuclei. There 
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is a remarkable abseuce of leucocyte infiltration around the necrosed 
tissue. The bacilli are very well brought out in such tissues after thor- 
ough hardening in alcohol, by staining over night in aniline water 
methyl violet (tubercle stain), and decolorizing slightly in ^ to 1 per 
cent, of acetic acid. The deep' blue bacilli appear in dense masses, 
chiefly in the capillaries along the edge of the necrosed area. The ne- 
crosis is most probably due to the plugging of the different vessels, 
thus cutting off the blood supply. 

The enlargement of the spleen and the necrosis in the liver are the 
two important characters of the inoculation disease. In a moderate 
number the intestinal tract is found diseased. The submucosa of the 
duodenum near the pylorus is dotted with eccbymoses, which may fuse 
into a single hemorrhagic patch. Besides this the submucosa of the 
large intestine 2 to 3 inches from the rectum, i. e., the straight portion 
merging into the rectum, may be in the same condition. Sometimes the 
mucosa is beset with minute bulging hsematomata. These intestinal 
lesions are due to the discharge of bacilli from the necrotic foci in the 
liver into the bile ducts and thence into the duodenum. The lesions in 
the large intestines may be influenced by the more or less prolonged 
stay of the feces before final discharge. 

In some cases when the disease has lasted from ten to thirteen days 
there is a peculiar exudate in the large intestine, which may be drawn 
out of the anus in the form of bands or cylindrical masses 1 or 2 feet 
long, consisting of a translucent, elastic, whitish material, finely fibril 
lated when examined under a high power. The duodenum may be dis- 
tended with a straw-colored semi-gelatinous mass. Hemorrhagic lesions 
may also be present. It seems very probable that the exudate is the 
result of a fibrinous or croupous inflammation of the large intestine due 
to the presence of hog cholera bacilli. 

The lungs are occasionally the seat of hemorrhages. The kidneys 
contain more blood than usual, but hemorrhages are absent. Hog chol- 
era bacilli are obtained by cultivation from nearly all the internal organs. 
They are usually so abundant in spleen and liver as to be detected 
readily in cover-glass preparations. 

The following experiment shows how few bacteria are required to pro- 
duce the disease : 



Eahbit No. 


Inoculated with t>«««o^vJ 
culture liquid. Remarks. 


17 

18 


55Tj5oa c- c Dead on sixth day. 

10055^ c. c 1 Dead on ninth day. 

iooioffo c- c Dead on eighteenth day. 

zjmhxn c. c Dead on eighth day. 

1 


19 


20 





The beef-infusion culture was diluted so that one-quarter of a cubic 
centimeter of the liquid contained the equivalent given in the table. It 
8 probable that Ko. 19 took the disease from No. 20, penned with it. 
The latter had ecchymoses in the duodenum, indicating that the bacilli 



72 

had escaped into the intestinal canal and were being discharged with 
the feces. The time of death of Xo. 19 suggests this view. 

A very small number of bacilli, therefore, are sufficient to produce in 
rabbits an infectious fever, or septicaemia. 

The characteristic action of hog cholera bacteria on the raucous mem- 
brane is well illustrated by feeding cultures to rabbits: 

September 11, 1888.— Two rabbits were starved for one day and theu 
fed hog cholera bacilli from an agar culture on clover. This was readily 
consumed. 

One rabbit was found dead on the sixth day. Agglutination of blad 
der to ciBcam ; serosa of stomach reddened. Ileum about C inches from 
valve invaginated for 2 to 3 inches. Spleen congested, slightly en- 
larged. Liver and kidneys engorged. Large numbers of hog cholera 
bacilli in spleen, as tested by the microscope and cultivation on gela- 
tine. The other rabbit died in thirteen days. Spleen very large, con- 
gested 5 coagulation necrosis in liver. Lungs contained several dark 
red hepatized areas. Severe lesions were found in the large intestine. 
The mucous membrane of lower colon and rectum were dotted witb 
small bulging hemorrhages, and the tube contained a cylindrical mass 
of a material resembling colorless gelatine, partially softened in water 
and ver^' elastic (fibrin?). The duodenum was distended with a pale 
yellowish translucent semi-gelatinous mass. Hog cholera bacilli as 
above. 

At the same time two other rabbits were starved for a day and then 
5 cubic centimeters of a liquid culture was added to 20 cubic centime 
ters watiT and given them to drink. One rabbit died in ten days. The 
lesions were the same as those in the rabbit just described, with this 
exception, that there was no coagulation necrosis in the liver. The 
other rabbit did not take the disease. It is quite likely that it may 
not have taken much of the water. 

When rabbits are not easily procurable the ordinary house mice may 
be used. They usually appear quite well and active after inoculation 
until some morning they are found dead. The period of the disease is 
the same as that for rabbits. The spleen is very large; the liver con- 
tains many centers of necrosis. Mice have been frequently fed both 
with pure liquid cultures and with spleen pulp containing hog cholera 
bacilli. They invariably take the disease and die within seven or eight 
days after the first feeding, with lesions the same as those observed in 
mice inoculated subcutaneously. Two mice were peculiarly affected the 
day after eating some spleen pulp. They were scarcely able to move. 
Their limbs sprawled, and on being taken out of the jars they remained 
in this position unable to escape. They died subsequently of true in- 
fection. The symtoms recorded were due very likely to the absorption 
of the ptomaine produced by the bacteria in the digestive tract. 

There is a remarkable regularity in the length of the disease in mice. 
Those inoculated at the same time and with approximately the same 
dose usually die not more than a half a day apart; they appear lively np 
to the night during which they die. In one case four mice, inoculated 
at the same time, all died in the night of the seventh day, though they 
appeared well the day previous. 
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The following experiment is worthy of record as indicating the effect 
of hog cholera virus on mice that survived infection: 

October 28, 1888. — Two mice were fed with bits of liver and kidney 
tissue from mice which had succumbed to inoculation with hog cholera 
cultures* The material fed had been kept in the refrigerator for nearly 
four weeks in salt solution. Before feeding it was thoroughly mixed 
with bread crumbs and placed in the mouse cage. Both mice survived 
the feeding and were active December 1, over one month after feeding. 
One w^as thereupon killed with chloroform and examined. The spleen 
was very much enlarged, not congested abnormally. On the ventral 
aspect of the liver a whitish patch where diaphragm was adherent. 
Under the patch a large abscess. This was without doubt the site of 
extensive coagulation necrosis, which was now broken down. 

The second mouse was killed December 19. over seven weeks after 
being fed. The spleen was likewise very large, the liver intact, but 
there were five abscesses in the left kidney, with adhesions to surround- 
ing structures. On section one abscess was wedge shaped, the apex 
being at the pelvis ; the whole only partly softened. These also were 
the result of coagulation necrosis. We have here a striking illustration 
of the mainly mechanical injury done by hog cholera bacilli. 

The effect of hog cholera bacilli on guinea-pigs differs but little from 
that exerted on rabbits and mice. The duration of the disease and the 
lesions are the same. There seems to be a somewhat greater tolerance 
in guinea pigs, although the small number used does not justify any 
decided statement. 

Pigeons are also susceptible to this disease, but by no means to the 
degree witnessed in the animals just mentioned. It requires about 
three-fourths of a cubic centimeter of an ordinary beef infusion pep- 
tone culture to produce a fatal result {L e., about 150,000 to 3,000,000 
times the dose necessary to destroy rabbits). The birds frequently 
died within twenty-four hours after the injection, which was usually 
made under the skin over the pectorals on one or both sides. The 
pectoral after death is partly or wholly discolored, and has a par- 
boiled appearance. The injected bacteria are present in the heart's 
blood and in other organs, notably the liver. If the dose is smaller 
than three-fourths of a cubic centimeter, the bird may survive after 
a week or two of pronounced illness. A large sequestrum forms in 
the pectoral muscle, which is gradually absorbed. Occasionally the 
birds will die after a week of illness manifested by diarrhea, ruffling 
of the feathers, and a quiet, somnolent attitude in a corner of the 
cage. Hog cholera bacilli are also present in the internal organs in 
such cases. Feeding cultures has no effect. 

Fowls have been frequently inoculated and fed with cultures without 
showing any signs of susceptibility. Among other animals inoculated 
were several white rats, one graj' rat, one sheep, and a calf. In none 
did the disease appear. In the sheep and calf a small abscess was 
found at the place of inoculation. 



VITALITY OF HOG CHOLERA BACILLI, AND THEIR RESISTANCE 

TO VARIOUS DESTRUCTIVE AGENTS. 



The vitality of bog cliolera bacilli in cultures remains for months un- 
changed. The following is |)erhaps an extreme illustration : 

A tube of beefs blood serum, coagulated by heat, was inoculated with 
hog cholera bacilli November 28, 1885. The platinum Wire penetrated 
the blood serum and the bacteria grew as a slender plug in the needle- 
track and as a thin film on the suri'ace. In July, 1887, more than one 
and one-half years later, a tube of beef infusion inoculated from the blood 
serum culture became promptly turbid, and contained the hog cholera 
bacilli only. Two mice inoculated subcutaneously with a few drops 
August 2, died August 8 and 9, respectively, with lesions characteris- 
tic of the disease and with the bacilli present in spleen and liver. The 
germs had not therefore lost their virulence. The blood serum had con- 
tracted but slightly from loss of water, there being very little evapo- 
ration from the culture tubes used. 

Eesistance of hog cholera bacteria to heat in liquids, — A knowledge of 
the degree of heat necessary to destroy hog cholera bacteria is of con- 
siderable importance, not only in its bearing upon the application of 
heat as a disinfectant, but also upon the various processes that are used 
in the preparation of pork for consumption. 

Culture tubes containing about 10 cubic centimeters of beef infusion 
were inoculated from a culture of a certain age and then placed in a 
water-bath kept at the desired temperature. They were exposed for 
different periods of time and then removed to an incubator at 95° F. 
When the tubes remained clear it was inferred that the bacteria had 
been destroyed. A control tube was inoculated in every experiment 
to make sure of the vitality of the culture used. 

A momentary exposure to boiling water will destroy them. When 
the temperature of the surrounding water is 158o F. (70° C.)? the in- 
oculated tubes remain sterile after an exposure of four to five minutes. 
As it takes about four minutes for the temperature of the culture liquid 
to reach 70° C, it is probable that a two minutes' exposure to 70^ C. 
would be sufficient. 

An exposure to 136^ to 138^ F. (580-59^ C), is sufficient to destroy 
hog cholera bacteria" in fifteen minutes. The same is true for bacteria 
taken directly from the spleen. An exposure to 130° F. (54.5o C.) will 
destroy them in one hour. Tubes exposed for one-quarter of an hour 
become turbid within twenty-four hours. Those exposed for one-half 
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and three-qaarters of an hoar become turbid within forty eight hoars. 
This shows that most of the bacteria have beeu destroyed by sach pro- 
longed exposure. Tubes heated for one hour remain clear. 
. When the temperature is still more reduced, to 120^ F. (49o C), ex- 
posure for a period as long as two hours is insufficient to destroy them, 
although their growth may be slightly retarded. 

It must be remembered that these results mean that the bacteria 
must be actually exposed to these temperatures for the length of time 
indicated. In the culfure tubes employed it takes about five minutes 
to bring the temperature of the liquid up to 70^ C, and less for lower 
temperatures. If, therefore, it takes longer than this for tlie lieat to 
penetrate into meat or lard containing these bacteria, their destruction 
can not be regarded as certain within the time indicated above, and 
the exposure to the required temperature must be correspondingly 
lengthened. 



Hog choler.1 bacteria in 10 cubic centimeters bouillon placed in a xvater-bath at- 



ICOOC. (212° F.). 
70° C. (1580 F.).. 
680 0. (1380 F.).. 
54.50 0. (130OF,). 
490c. (120OF.)... 



Time in -which 
destroyed. 



Immediately. 
4 minntes. 
15 minutes. 
1 hour. 
Not in 2 hours. 



Bacteria do not so readily succumb to heat when dried and then ex- 
posed to dry hot air. It was found that dry heat at 80^ C. (I76o F.) is 
sufficient to destroy the bacteria when exposed in a dry state for fifteen 
minutes. 

In these experiments bacteria from cultures were rubbed on the inner 
side of plugged and sterilized test tubes. Gelatine was added after they 
had been exposed to the heat and roll cultures made. Absence of growth 
indicated the death of the contained bacteria. 

Resistance to freezing is well illustrated in the experiments reported 
in the section on the vitality of hog cholera bacilli in the soil during 
winter. 

Vitality of hog cholera bacteria in ordinary ivater. — The hardiness of 
this microbe is well illustrated by its capacity for multiplication in or- 
dinary drinking water. To determine this, the following experiment 
was made : 

September 8, a culture tube containing very clear Potomac drinking 
water* which had been sterilized several weeks previous by a tem- 
perature above 110^ C., was inoculated with a platinum loop from a 
pure liquid culture of the bacillus. By mixing a given quantity of this 
water immediately after inoculation with gelatine, and making a plate 
culture of the same, it was found that the water contained about 20,240 

* When drawn this water did not contain more thsiu 100 to 200 bacteria to the cu- 
bic centimeter. 
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bacteria iu 1 cubic centimeter. The water was kept in the laboratory, 
in which the temperature corresponded closely vith that prevailing out- 
doors. It was examined from time to time on gelatine plates, and the 
number calculated for 1 cubic centimeter. The following figures give 
the results obtained : 

September 8, 26,240 in 1 cubic centimeter (immediately after inocula- 
tion). 

September 9, 201,000 in 1 cubic centimeter. 

September 10, 1,296,000 in 1 cubic centimeter. 

September 11, too numerous on i)late to be counted. 

September 13, 2,608,200 in 1 cubic centimeter. 

September 15, 1,519,500 in 1 cubic centimeter. 

September 17, 1 ,300,308 in 1 cubic centimeter. 

September 29, 83,700 in 1 cubic centimeter. 

October 12, 19,125 in 1 cubic centimeter. 

October 21, 10^880 in 1 cubic centimeter. 

November 18, 225 in 1 cubic centimeter. 
. December 6, a few bacteria still present, as determined b}' liquid cult- 
ures. 

January 4, 17 in 1 cubic centimeter. 

January 11, no growth on plates. 

According to another experiment the vitality lasted about two 
months. 

June 13, 1888, JO cubic centimeters, Potomac drinking water, sterilized 
iu a Salmon culture tube, was inoculated with a platinum wire to which 
a minute bit from the surface growth of an agar agar culture adhered. 
Plate cultures prepared immediately after thoroughly shaking the tube, 
iudicated that each cubic centimeter of the water contained from 
1,000,000 to 2,000,000 germs. 

Plate culture of June 14 shows in ^^^ cubic centimeter of water a very 
large number of colonies. Roll cultures made June 22, July 3, and July 
16 contain a smaller number. 

A roll culture of August 4 contains about 200 colonies {i. e., about 
0,000 in 1 cubic centimeter). 

A roll culture of August 25 remains sterile. A tube of beef infusion 
to which about 1 cubic centimeter of the water had been added Sep- 
tember 15 contained a large coccus five days later; no hog cholera 
germs. 

These cultures show that the bacilli perished in about two months. 
Tbediflfercnce in the results obtained in this and the last experiment 
may have been due to the season of the year. 

That the bacilli can be kept alive in clear river water for from two to 
four months and perhaps longer is a fact very significant in itself. When 
reconsider, moreover, that the added bacteria in the first experiment 
multiplied so that each individual was represented by ten at the end of 
five days, the hardiness of tlie bacillus is very evident. The danger 
Irom infected streams into which feces from sick animals find their way 
is thus proved beyond a doubt. Stagnant streams and pools are more 
<langerous, since the water is but slowly renewed, while in rapidly flow- 
ing streams the bacteria are speedily carried away. On the other hand, 
the latter may spreiid an epidemic from one place to another. 
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Remstance to continuous drying at orditiary temperature (00^ to 80^ -F. — 
A number of experiments were made to determine this point. Some of 
tbem are reported in full in preceding Annual Keports of the Bureau, 
and are therefore simply summarized in this place. 

(1) A series of cover-glasses, upon each of which a drop from a liquid 
culture had been dried, were placed in bouillon at different times. No 
growth in bouillon after they had been dried from seven to nine days. 

(2) Minute bits of spleen tissue from a pig which had succumbed to 
hog cholera were dried on cover-glasses. These were capable of infect 
ing bouillon up to the twenty-third day. 

(3) Spleen tissue dried on four cover- glasses gave rise to pure cult- 
ures of hog cholera bacilli after forty-nine days. 

(4) Hog cholera bacteria from a liquid culture one week old, dried on 
silk threads, were placed on a gelatine plate from time to time to ob- 
serve any growth. They were still capable of development after twenty- 
one days, when the stock of threads was exhausted. 

^5) Threads steeped in a liquid culture one day old and dried were 
placed on gelatine plates, as described in series 4. No colonies ap- 
peared on the twenty- seventh and twenty-eighth days. A few appeared 
later on, showing that even after thirty days a few still survived. 

In these series of experiments the vitality of the bacilli was not ex- 
hausted after forty-nine days in one series ; in another it was destroyed 
in less than ten days. 

The following series of experiments, made during the present year, 
show how very varied is the length ot time during which the bacilli 
remain alive when dried : 

June 15. — Minute bits of spleen tissue, from a rabbit which had died of 
hog cholera after inoculation with a pure culture, were rubbed on sterile 
cover-glasses and kept under a flamed funnel, plugged with cotton- 
wool. 

On July 3, 6, and 9 two cultures were made by dropping into each 
tube of beef infusion a cover- glass. All six tubes remained clear. The 
bacilli had thus perished within three weeks. 

In the following experiment hog cholera bacilli remained alive for 
more than four months: 

June 8. — From an agar agar culture, three days old, some of the 
abundant surface growth was placed upon sterile cover-glasses, each 
receiving about as much as the point of a platinum wire could hold. 
These were placed on a flamed glass support under a flamed and plugged 
glass funnel, and kept in the laboratory, the air of which was moderately 
<lry. 

Two cover-glasses dropped into beef infusion peptone June 25. One 
culture remains clear, the other clouded in one day j contained only mo- 
tile hog cholera bacilli. 

Two covers were added to beef infusion June 29, July 9, and July 
10. All six cultures became clouded and contained only hog cholera 
bacilli. 

Of two cultures made July 23 only one becomes clouded, and is a 
pure culture of hog cholera bacilli. Of two cultures made August 2, 
both become clouded with liog cholera bacilli only. 
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Four cultures, made on August 9, 22, 30, and September 14, became 
clouded with the same microbes, and these alone. A tube into which a 
cover-glass had been dropped September 21 remained sterile. A tube 
iuoculated in the same way September 26, became turbid on the second 
day, and contained hog cholera bacilli only. A tube inoculated on Oc- 
tober 8 was still fertile. The stock of cover glasses had become ex- 
hausted. 

It will be seen from the above results that some of the germs were 
dead in one and a half and three and a half months; all the rest were 
capable of multiplication for four months. The prolonged vitality was 
no doubt due to the massing together of the germs from the agar cul- 
ture, for on those cover- glasses which failed to inoculate cultures, or in 
which the appearance of growth was retarded, the quantity of growth 
was smallest. The interesting question here arises whether it is the 
oxygen of the air which gradually destroys the bacilli, since this is more 
or less kept away when they are massed together, and since all pre- 
vious experiments with bacilli suspended in liquids have shown that 
the i)eriod of their vitality may average not more than two months 
when in a dry condition. 

On August 30, after having been dried for two months and twenty- 
two days, two mice were inoculated with a liquid culture obtained from 
one of the cover-glasses. Both died of hog cholera on September 14 
and 15, respectively. 

The vitality of hog cholera bacilli during continuous desiccation may 
thus last from two weeks to more than four months. 

In the soil, and in nature generally , bacteria are rarely subjected to 
continuous drying, but to alternate wetting and drying. In order to 
observe the effect of such alternation, some of the same agar-agar culture 
used in the preceding experiment was placed in the bottom of a sterile 
watch glass under a funnel June 8. 

June 15. — About one-third cubic centimeter of sterilized distilled 
water added to the watch-glass, so as to cover the dried film completely. 
The water was evaporated entirely next day. 

June 22. — Sterile water added again ; dried up next day. 

July 3. — Water added again and two cultures made ; both remain 
sterile. 

July C. — A liquid culture made by adding some sterile water to the 
dried culture mass, stirring it up and transferring the water with a sterile 
pipette to a tube of beef infusion. This also remained clear. 

Thus bacilli from the same culture which resisted continuous drying 
for at least four months were destroyed in less than a month when a 
moist and a dry state alternated. This fact, so striking and important, 
needed confirmation. 

September 15.— A considerable quantity of the surface growth from 
an agar-agar culture two days old was rubbed on the bottom of a sterile 
watch-glass covered by a plugged funnel as before. Thoroughly dry 
next day. 

September 18. — A small quantity of sterile distilled water addeil. This 
was dried up next day ; the germs had sj)roa(l out into a thin layer, 
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September 21. — Sterile water added agaiu aud a tube of beef iufusion 
peptone inoculated with a loop from the liqaid stirred up. Tube turbid 
with ho^ cholera bacilli next day. 

September 20. — Sterile water added again. The tube of beef infusioa 
peptone inoculated at the same time. Pure culture next day. 

October 1. — The same process re^jeated ; culture contains hog cholera 
bactena. 

October 8. — Dried bacilli wetted again with sterile water. The cul- 
ture made from them becomes turbid; only hog cholera bacilli present. 

October 15. — ^The same i)roces8 repeated ; the Inoculated tube be- 
comes turbid after forty-eight hours. 

October 22. — After wetting the dried growth again, it was thoroughly 
stirred up and several drops added to a liquid culture. This tube re- 
mained permanently clear. 

This experiment therefore confirms the other in showing that hog 
cholera virus is far more quickly destroyed when it is alternately mois- 
tened and dried than when it remains continuously dry. In both tests 
the germs died in one-third the time required to destroy dried virus. 

SOME EXPERIMENTS ON THE LENGTH OP TI^IE DUBINa WHICH HOG 
CHOLERA VIRUS RE3IAINS ALIVE IN THE SOIL. 

The virus of hog cholera is quite tenacious of life in spite of the fact 
that no spores are formed. During the past year some preliminary 
experiments were made concerning the vitality of hog cholera bacteria 
in the soil. This becomes iiifocted during epizootics of this disease by 
the discharges of the sick pei bnps more tlioroiighly than anything else 
in the surroundings of the animals. Moreover, it is the most difficult 
to disinfect, as we have no knowledge of tbe depths to which the living 
virus may be carried by water. If it can b(5 shown that the life of such 
virus in tbe soil is speedily destroyed, the precautious to be taken would 
be quite different from those needed if it exists for a long period of 
time. 

JExperiment l.—A »i\m\\ flower-pot containing soil was sterilized by 
moist heat at 110^ to 118o C, and protected from drying and dust by a 
large bell jar. On its surface about 100 cubic centimeters of a bouillon 
peptone culture of bog cholera bacteria was poured and the whole main- 
tained moist and at thelaboratory temperature. The soil used was a very 
fine loam from thegrounds of tlie Department of Agriculture. Tbe bulk 
of tbe soil consisted of grains not larger than jj^ millimeter (^^^jo inch). 
Roll cultures from tbe soil after a few days demonstrated the presence 
of immense numbers of bacteria. From this soil rabbits were inocu- 
lated from time to time by stirring up a little soil in some sterile beef 
infusion and injecting the clear supernatant liquid hypodermically. Tbe 
soil was infected September 17, 1887. The appended table gives 
the inoculations into rabbits to test the virulence of the soil. The rab- 
bits which succumbed died of bog cholera, as indicated by the lesions 
and the bacteriological examination. 
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Vo. 


Bate of 
inoca- 
lation. 


Time after in- 
fection of soil. 

• 


Died/ 


Remarks. 


I 


Oct. 10 

Oct 18 
Nov. 4 
Bee. 12 

Jan. 
Jan. 23 


Jlfo«. Days. 
23 

31 

46 

S 23 

3 33 
3 23 


Oct. 17 


Enlargement of spleen ; coagulation-necrosis in 
liver; hemorrhagic lesions in duodenum and 
rectum, in lungs and heart; numerous liog 
cholera bacteria in spleen and liver. 

Spleen and liver and lungs as in No. 1. 

Spleen, liver, duodenum, and rectum as in Ko. 1. 

Spleen large, pale ; coagulation-necrosis in liver 
slight ; no other lesions ; hog cholera bacteria 
as in No. 1. 


3 


Oct 24 

Kov. 12 


4 


Dec. 23 


h 
6 


Bemaini well 

....do 









The infectious quality of this soil when a mouth old was tested on 
two pigs, by feeding each directly with a tablespoonful of the soil. One 
showed DO disease; the secoud, a young pig, became very sick and was 
killed ou the eighteenth day, being unable to rise. 

Autopsy, — ^Animal about eight weeks old, very thin. No skin lesions. 
Langs normal, excepting the cephalic and ventral lobes of left lung, the 
ventral and the root of principal lobe of right lung. These are airless, 
bright red, mottled with yellowish points, indicating broncho pneu- 
monia. The spleen was small. The lymphatic glands of large intestine 
very large, tough, whitish. The walls of ceecum and colon over one- 
eighth' inch thick; do not collapse when slit open. The mucosa is 
everywhere covered by a firmly adherent yellowish-white slough, ex- 
tending as far as rectum. The ileum for about 2 feet from lower end 
has the mucosa likewise involved in superficial necrosis, but only on 
the summit of the longitudinal folds. In the stomach a portion of the 
fundus is covered by a friable deposit made up chiefly of large granular 
cells with single nucleus. Gelatine and liquid cultures from heart's 
blood and spleen contain only hog cholera bacteria. The gelatine cult- 
ures indicate only a moderate number of colonies. The bacteria had 
also penetrated into the diseased lung tissue. They were obtained on 
plate cultures, and a rabbit inoculated subcutaneously with some beef 
infusion in which a bit of lung tissue had been torn up died in eleven 
da3'8 with coagulation necrosis in livir, enlarged spleen, and numerous 
hog cholera bacteria in both organs. The bronchopneumonia may 
have been due to the aspiration of some of the soil during the forced 
feeding. 

It has thus been shown that moist soil, not allowed to dry out and 
kept in a summer temperature ranging from 60^ to 95^ F., retained its 
virulence for rabbits from two to three mouths. At the end of this 
time fungi and other bacteria had found tlieir way into the pot of soil? 
as shown in roll cultures. This and other reasons drawn from observa- 
tions of this germ lead to the conclusion that its life becomes extin- 
guished with its pathogenic effect on rabbits.. This phase of the ques- 
tion is not to be overlooked, for even if a germ should no longer prove 
pathogenic, but remain alive, it is not improbable that it may regain its 
original virulence under certain unknown circumstances. 
16612 H c 6 
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The severe disease caused in the youug pig with soil which had been 
iufected one mouth ago shows the great susceptibility of youug animals 
to this disease. Since rabbits are most susceptible. of any animals to 
hog cholera virus, it was not thought necessary to experiment on pigs 
after the former failed to take the disease. 

It may be argued that the conditions of this experiment were abnor- 
mal, in that the bacteria were not exposed to the various meteorological 
conditions, such as rain and drought, freezing and thawing, and the 
competition with other bacteria in the soil. This is true. The con- 
ditions just enumerated are opposed to such a long life in the soil. A 
condition favoring it, on the other hand, is the low temperature in winter, 
which may act as a means of preserving the life of bacteria. 

These objections were partially removed by the following experi- 
ments: 

Experiment 2. — A small pot, about 6 inches across the top, filled with 
soil, is placed in another pot of twice the diameter, also filled with soil 
in such way that the rims of both are on the same level. In this posi- 
tion they were sterilized for three and one-half hours, at a temperature 
of about llOo C, in a steam sterilizer. The outer pot was to protect 
the inner one to some extent from coming in direct contact with the 
garden soil in which it was subsequently placed. About 200 cubic cen- 
timeters of a beef infusion culture of hog cholera bacteria three days 
old was ultimately mixed with the soil of the inner pot by removing the 
upper layers and pouring the culture liquid upon the deep layers and 
then upon the surface, after replacing the superficial layers. The pots 
were then placed in the grounds of the Agricultural Department so that 
the top was level with the surrounding soil. Nothing was placed over 
the surface to protect them from contamination with ordinary bacteria, 

The iufected soil was placed in the grounds December 16, 1887 
During the remainder of December the out door temperature oscillated 
slightly above and below the freezing point, remaining for several days 
below this point at the end of the month. The soil in the pot was 
saturated with water during part of the winter and the surface covered 
with it. It had probably become tightly packed, and hence impervious 
after the culture liquid had been poured upon it. 

The appended table indicates the persistence in virulence of the in- 
fected soil as tested upon rabbits. The soil was taken from the surface 
of the pot, or from near the bottom as indicated, and the inoculations 
made as in the preceding experiments : 
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[Soa infected December 16. 1887.] 



No. 


Date of 

inocala- 

tion. 


Soil taken 
from-— 


Number of days 
after iufcctibn 

of BOil. 


Rabbit dies- 


Remarks. 


1 
2 
3 


Jan. 5 
Feb. 1 
Feb. 7 


Surface 

...do 

Depth 

Surface 

..do 

. . do 


20 days 

1 month 13 days .. 
1 month 19 days . . 


January 16 

February 18 . . 


One lobe of liver involved in coag- 
iilation-necrosis; bacilli of hog 
cholera present. 

Spleen very largo, dark ; coagula- 
tion-necrosis in liver; nuuicron^ 
hog cholera bacilli in both organ ^ 

Killed February 27; not diseased. 

Spleen and liver as in No. 2; hem- 
orrhagic lesions in duodenum 
and rectum ; hog cholera bacilli 
present. 


4 
5 


Feb. 23 

Mar. 5 
Mar. 21 


2 months 7 days . . 

• 

2 months 18 days . 

3 months 5 days . . 


March 5 

Remains well 
...do 









Rabbit No. 3 was inoculated with soil from beneath the surface. This 
was obtained by removing the inner pof, thrusting a small metallic 
cork-borer previously flamed through the hole in the bottom of the pot 
upwards, about half-way to the surface. The soil brought down in the 
inside of the borer was used for inoculation. In this way it was ob- 
tained unmixed with soil from the superOcial layer. The rabbit re 
iiiained well for twenty days after inoculation. This is longer than any 
period of incubation which we have thus far observed. Owing to ex- 
tensive disease of the external ear caused by psoroptes (lice), it was 
killed on the twentieth day. There were no indications of hog cholera. 
The deeper layers of the soil had thus rid themselves of the infectious 
material sooner than the surface. lloU cultures showed the presence 
of a large number of pearly colonies spreading rapidly and made up of 
non-motile bacilli. 

Rabbit No. 2 lived seventeen days after inoculation. Was this long 
period of incubation due to an attenuation of the virus, or to the scar- 
city of the surviving bacteria? The lesions were practically identical 
with those usually found. In order to learn whether attenuation had 
actually taken place, a rabbit was inoculated subcutaneously with three 
to four drops of a beef infusion culture prepared from the blood of No. 
2. It died in five days with extensive coagulation-necrosis in liver; 
spleen very much tumefied and petecchise in rectum. There was no at- 
tenuation, therefore, so far as the second rabbit is concerned. There 
still remains the possibility that the bacteria, attenuated when inocu- 
lated into the first rabbit, grew in virulence during the long i)eriod of 
incubation until they had attained their original pathogenic power, 
when the rabbit died. 

Experiment 3. — February 20, two pots of soil, one within the other, 

were sterilized as in the preceding experiments. The soil of the inner 

pot was saturated from below up with 100 cubic centimeters of a beef 

infusion culture one day old, of hog cholera bacteria. The whole was 

buried in the garden on a level with the soil and not protected in 

any way. Rabbits were inoculated with the soil as previously indicated . 
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[Soil infcctod February 20.] 



No. 


Date of 
inocula- 
tion. 


I 


Mar. 10 




Mar. 20 


3 


... do 



Soil taken 
from— 



Surface 



Number of I 
days after . 
inoculation. 



Homarks. 



Depth .. 
Surface . 



18 days Rabbit dien on eleventh day. Spleen very large ; coftgula* 

tion necrosis in liver ; hog cholera bacilli preHent. 

38 days Babbit died on eighth day ; lesions as in No. 1. 

■ . . do Rabbit remains alive. 



Soon after the last inoculation the pot of soil was accidentally re- 
moved by laborers working in the garden, so that the experiment came 
to a premature close. It shows, however, that the bacteria in the depths 
of the soil were alive thirty-eight days after inoculation, while at this 
same time they were dead in the surface layers. 

Eocperiment 4. — Soil prepared, sterilized, and infected precisely as in 
the preceding experiment, was buried in the garden April 4, 1888. The 
soil soon became packed hard and dry on the surface to a depth of one- 
half to 1 inch. The following table gives the inoculations: 

[Soil infected April 4. ] 



No. 



2 
3 
4 

5 
6 

■ 7 
8 
9 

10 



Date of 
inocula- 
tion. 



After soil infection. 



Apr. 25 

...do.... 

May 12 

...do 

May 29 

...do 

June 15 

. . . do 

July 14 
. . . do 



21 days 



.do 



Soil taken 
from — 



Surfacg 



Remarks. 



1 month 8 days... 



.do 



Depth ... 
Surface . 
Depth . . 



1 month 25 days . . ' Surface 
— do I Depth . . 

2 months 11 days..' do ... 

— do ...do... 

3 months 10 days do . . . 

- do do . .. 



Dies April 30; enlarged spleen. Slight necrosis in 
liver. 

Dies May 2. Same lesions as in No. 1. 

Remains alive. 

Dies Ma.y21. Same as No. 1, besides hemorrhagic 
lesions in rectum. 

Remains alive. 

Dies June 6. Same lesions as in No. 1. 

Dies Juno 29 ; spleen and liver lesions as in No. 4. 

Remains well. 
I Do. 

I Do. 



The presence of hog cholera bacteria was demonstrated by cultiva- 
tion from spleen and heart's blood in all the animals that died. 

Experiment 5. — Soil sterilized and infected with hog cholera bacteria 
as in preceding experiments. Placed in the department grounds May 
18. June 20, surface la^er dry and very hard ; boring necessary to get 
some of it out. Two rabbits inoculated from surface and deep soil. 
The result of these and subsequent inoculations is given in the follow- 
ing table : 
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[Soil infected May 18. 1 



No. 

1 
2 
3 
4 


Dat« 
of inocu- 
lation. 


June 20 

...do 

July 20 
...do 



Lengtli of time 
after soil infec- 
tion. 



Soil taken 
from— 



Remarks. 



33 days 

do 

2 months 2 days 
do 



Surface 
Depth . 
Surface 
Depth . 



Dead July 4 (hog cholera). 
Eemains well. 

Do. 

Do. 



Experiment C. — July 14 a pot of soil was sterilized aud infected through- 
out with 100 cubic centimeters of a culture of hog cholera bacilli as 
before and placed in the Department grounds. 



No. 


Date of 
inocula- 
tion. 


1 


Aug. 10 


2 


Aug. 10 


3 


Aug. 24 


4 


Aug. 24 



Length of time 
after soil infec- 
tion. 



27 days 

do 

1 month 10 days 
... do 



Soil taSeh 
from-— 



Surface 

Depth . 
Surface 
Depth 



Bemarks. 



Dies August 23; spleen very large. Necrosis in 
liver ; hog cholera bacilli in spleen ; intestines 
diseased. 

Died Augnsf 14 ; spleen and liver as in No. 1. 

Bemains well. 

Do. 



These various experiments extended over the coldest as well as the hot- 
test period of the year, and may therefore lay claim to more or less com- 
])leteness. They may all be brought together in the following table: 



Kg. 



I 

2 
3 
4 



Date of 
soil in- 
fection. 



Sept. 17 
Dec. 16 
Feb. 20 
Apr. 4 
May 18 
July 14 



Babbits failed to take the disease when inoculated— 



With surface soil after — 



3 months 23 days 
2 months 7 days . 
1 month 7 days . . 

1 month 25 days . 

2 months 2 days . 
1 month 10 days . 



With deeper soil after — 



1 month 19 days. 
Not completed. 
3 months 10 days. 
33 days. 
1 month 10 days. 



It may be said in general that hog-cholera germs will perish in the 
soil in from two to four months, depending on the season, moisture, and 
depth from the surface. In what direction these three factors influence 
their vitality the experiments are not complete enough to show. We 
may, however, safely assume that frost has no rapidly destructive effect 
upon thera, while drying (experiments 5 and G) seems much more de- 
structive. Attention has already been called to the destructive effect 
of alternate wetting and drying. So far as the above results go, a pe- 
riod of at least four months should be allowed for the natural destruc- 
tion of hog cholera virus in the superficial layer of the soil, i. e., in 
a layer extending about 2 or 3 inches below the surface. 
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A FEW ADDITION' A L OBSERVATIONS AS TO THE VITALITY OF HOO 
rilOLERA VIRUS IN THE SOIL AT THE EXPEROIENTAL STATION. 

(1) A pen has a concrete floor, with a gentle slope towards the back. 
From January to December, ISSGj at least 70 pigs died in this pen from 
hog cholera. Daring this time all the liquid in the pen drained into 
the field back of it. During February and March of 1887 u number of 
pigs in this pen died of swine plague. Two survivors from the disease 
were removed September 15, leaving the pen empty. In December, 
1887, the infected ground behind the pen was inclosed, making a yard 
feet deej) and 10 feet long and communicating wiih the pen. Decem- 
ber 15, 1887, 3 pigs about two months old were placed in the concrete 
l)en and allowed to run in the yard behind it. All three continued 
well. To make sure that there were no ulcerations escaping observa- 
tion one of the pigs was killed one and a half months after their trans- 
fer to this i)en. There were no lesions indicative of hog cholera ; cult- 
ures from the spleen remained sterile. The two remaining pigs were 
well three and a half months later. 

These observations show that ground thoroughly infected for more 
than a year was free from infectious properties eight months after the 
death of the last case. 

(2) Upon a plot of ground of one-fourth to one-third acre about 100 
pigs which had died of cholera during 1880 were buried, being covered 
with IJ to 2 feet of soil. During 1887 no animals were buried here, but 
many had been interred within 3 to 8 rods of this plot during the latter 
half of the present year. A triangular yard 10 feet on each side was 
fenced off upon the old ground, with a movable pen in one corner for 
shelrer. 

December 15, 1887, 3 pigs were penned in this yard. They remained 
well ; one and a half months later 1 was killed and found healthy. 
The two remaining ones were well after three and a half months. 

This experiment shows that ground containing the bodies of numer- 
ous animals which had died of hog cholera was not infectious after oue 
year. 

(3) The following notes are valuable in illustrating how rapidly the 
ground may be freed of infectious matter: 

A yardC by 10 feet was enclosed by a fence and made to communicate 
with a double pen having concrete floois. Tliis i)en had been infected 
by pigs from the outbreak described on page 37. The soil of the yard 
is a clay loam. 

November 27. — Nos. 434, 435 now occupy the pen and Nos. 4oC, 437 
added to day. 

November 28. — Nos. 134, 435 both die of hog cholera. These had been 
infected by feeding (see p. 50 for notes on these and other animals in 
this pen). 

December 10. — Viscera from Ko. 42 fed to Nos. 430, 437. 

December 12. — Viscera from No. 43 scattered over the soil of the yard, 
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readily eaten by Nos. 436, 437 ; later in the day Nos. 439, 440, and 443 
added. 

December 17. — Viscera from No. 47 and No. 48 scattered over the 
ground, and Nos. 448 to 453 inclusive placed iu the yard. 

December 27. — No. 443 dies of cholera. 

December 28. — No. 448 dies of acute cholera. 

December 29. -Nos. 436, 439, 440, 449, and 452 all die of acute cholera. 
The pen may now be said to be thoroughly infected. 

January 1, 1888. — No. 437 found dead. 

Jamiary 3. — Nos. 450, 451, and 453 removed. 

January 10. — After the yard and pen have been vacant for a week 
and simply brushed out but not disinfected nor cleaned thoroughly 
two healthy pigs (Nos. 479, 480) are placed iu it to determine whether 
the ground is still capable of giving the disease. 

During the greater part of January the ground was frozen over, but 
durinf^ February and March there are frequent, prolonged thaws. 

March 29. — Nos. 479, 480 have remained well since January 10. They 
are now removed. The yard itself is now converted into a genuine 
mud-hole. 

March 30. — Two fresh pigs are transferred to this yard. 

July 24.-:-They have remained well for nearly four months. 

This virus was in the first place either destroyed or made harmless 
by the prolonged frosts in January, so that the pen and yard were 
thoroughly disinfected by natural agencies and perfectly safe two months 
later. The disease did not re appear in the following midsummer. It 
may also be seen from the notes that the two pigs placed in the in- 
fected pen but one week after the removal of diseased and infected ani- 
mals did not take the disease, perhaps because the infectious matter 
was frozen up and slowly killed in this condition before they could get 
at it. 

THE EFFECT OF SOME DISINFECTANTS ON THE VIRUS OF HOO 

CHOLERA. 

In the report for 18SG there are given in extenso a series of experiments 
to test the destructive power of the more reliable disinfectants on hog 
cholera bacilli from liquid cultures usually from one to two days old. The 
results, owing to their practical importance, are also summarized here. 

The method employed needs a few comments. A few drops of cult- 
ure liquid were added to the disinfectant solution in a sterilized watch 
glass under a bell glass. After certain regular intervals of time plati- 
num loops holding about j^^ cubic centimeter were used to transfer 
this liquid to tubes of beef infusion. These were placed into a ther- 
mostat and watched for a number of days. The loop of disinfectant 
carried over into 10 cubic centimeters of sterile beef infusion is diluted 
to such an extent (about 1,000 times) as to be practically of no account 
whatever. This method is more sensitive than the method originally 
employed by Koch. He used bits of silk thread impregnated with the 
specific organism to be tested and placed them upon plates of gelatine 
to develop. 
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It has been suggested that hog cholera bacteria may survive in the 
brine from salted meats long enough to be exported to other countries 
and communicate the disease. It need not be said that this is impos- 
sible, for the attenuating action of a concentrated salt solution wonld be 
in itself sufficient to speedily destroy the pathogenic power of the bacilli, 
even if their life were not destroyed. The following experiment shows, 
however, that they are absolutely killed within four weeks : 

Teil cubic centimeters of a saturated solution of common salt was 
added to each of three culture tubes. These were then sterilized and 
1 cubic centimeter of a fresh bouillon culture of hog cholera bacilli 
mixed with the contents of each tube. Small quantities of liquid from 
one of these tubes were introduced into sterile bouillon every two or 
three days. Up to the twenty-first day the bouillon became clouded, 
indicating that the bacilli were still alive in the brine. After the 
twenty-ninth day the bouillon remained clear. The two remaining 
tubes of brine hitherto untouched were also found sterile when exam- 
ined by means of cultivation a day or two later. 

Mercuric chloride was found destructive to the bacillus when diluted 
in the proportion of 1 : 76000 (.001 J per cent,). 

Several drops of a culture were mixed with about 1 cubic centimeter 
of a .1 per cent, solution, and tubes inoculated from this at the end of 
two, four, six, eight, and ten minutes. Tubes remain sterile. To show 
that the antiseptic effect of the liquid transferred with the platinum 
loop was nily one of these tubes was inoculated again from another cul- 
ture. This tube was turbid on the following day. 

Five tubes treated in the same way with .05 per cent, solution. All 
remain sterile. 

Five tubes inoculated with bacteria exposed for the same periods of 
time to a .01 per cent, solution. All remain clear. 

Five tubes treated as before, using a .005 percent, solution. Perma- 
nently clear. 

Five tubes treated as before, using a .002 per cent, solution. All 
tubes clear, excepting the one inoculated after six minutes' exposure. 

Five tubes inoculated at the end of five, ten, lifteen, twenty, twenty- 
five, and thirty minutes after exposure to a .001 per cent. (1 : 100000). 
Tubes iiiaculated after five and ten minutes turbid next day. On the 
second day all but the one inoculated after thirty minutes turbid and 
containing pure cultures of the bacterium. 

The limit of disinfection for this period of time must therefore lie 
between 1 : 500000 and 1:100000; hence five tubes were inoculated as 
above, using a solution of 1:75000 at the end of seven, ten, fifteen, 
twenty, twenty- five, and thirty minutes. All tubes remained clear. 

Carbolic acid destroys the bacillus in solutions containing from 1 to IJ 
per cent, of the acid by weight. 

Five tubes inoculated after treating bacilli from a liquid culture with 
a 1 per cent, solution for five, ten, fifteen, twenty, and twenty-five min- 
utes. All turbid on the following day. The two last tubes were also 
examined on gelatine plates and the cultures found pure. 

With a 2 per cent, solution five tubes inoculated after ten, fifteen, 
twenty, twenty-five, and thirty minutes remained sterile. The same 
result with a IJ per cent, solution. With a IJ per cent, lubes inocu- 
lated at the end of seven, ten, fifteen, twenty, twenty-five, and thirty 
minutes remained clear, excepting the first, which contained bacillus 
subtilis. 
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Passing to a one-half percent, solution, tubes inoculated at the same 
intervals became turbid with the bacterium sown. With atbreofparths 
per cent, solution the result was the same. 

Passing back to a 1 per cent, solution, tubes inoculated at the same 
intervals remained sterile. 

There seems to beau incompatibility between the first and last series. 
If we examine the others, however, we must conclude that the limit of 
disinfection lies between 1 and IJ per cent. 

Iodine water was prepared by shaking up some iodine in distilled 
water, which assumed an amber tint. This solution destroyed the ba- 
cillas in fifteen minutes, as the following experiment shows: 

Six tabes were inoculated with bacilli after they had been exposed 
to the action of the iodine water for seven, ten, fifteen, twenty, twenty- 
six, and thirty-one minutes. On the following day the first tube became 
turbid; on the second the ten minute tube was turbid and found to be 
a pure culture of the bacilli sown. The other tubes remained sterile. 
One of the tubes, inoculated later, showed its capacity for sustaining 
growth by becoming promptly turbid. 

Permanganate of potash. —A series of experiments with this substance, 
conducted in the manner described above, showed that the bacillus is 
killed by fifteen minutes' exposure to .02 per cent, solution (1 : 5000). 

In order to obtain this result a 5 per cent, solution was tried first. 
Tube3 inoculated after an exposure of the virus for seven, ten, fifteen, 
twenty, twenty-five, and thirty-one minutes remained permanently clear. 
One of these tubes, subsequently inoculated with the unaffected virus, 
was turbid next day. Two and a half per cent., 1 per cent., one-half 
per cent., one-fourth per cent., one-tenth per cent., and one-twentieth 
per cent, solutions were tried in the same way. The six tubes used for 
each solution remained sterile. Finally, a one-fiftieth per cent. (1:5000) 
was used. Tubes were inoculated after an exposure of the virus for 
two, four, six, ten, fifteen, twenty, twenty-five, and thirty minutes. On 
the following day the four first tubes were turbid ; the fifth and sev^enth 
remained sterile ; the sixth and eighth contained a fine bacillus. These 
two tubes, as was found later, belonged to a lot which, through some 
carelessness, had not been properly sterilized, and the majority became 
turbid before use. 

Mercuric iodide was found to destroy the bacillus in solution. of 
1:1000000 in ten minutes. 

Two grams of potassium iodide and 1 gram of mercuric iodide were 
dissolved in 100 cubic centimeters of distilled water, making a 1 per cent, 
solution of the disinfectant in a 2 per cent solution of potassium iodide. 

This solution, diluted with sterile distilled water so as to make .1 per 
cent., killed the bacillus of hog cholera taken from liquid cultures in 
less than five minutes ; .01 per cent. (1 : 10000), .002 per cent. (2 : 100000), 
.001 per cent. (1 : 100000), and .0005 per cent. (5: 1000000) destroyed the 
germ within two minutes. 

When the solution was diluted so as to make .0002 per cent. (2 : 1000000) 
ami .0001 per cent. (1 : 1000000), it was found that with both solutions 
tubes inoculated with bacilli, after an exposure of two and five min- 
utes, were opalescent, the bacilli introduced having multiplied, while 
the remaining tubes (ten to thirty minutes) were sterile. These two 
solutions, therefore, were still powerful enough to kill the germ in ten 
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minutes. The dilation bad been carried so far as to make them prac- 
tically equivalent in dJKint'ecting power. 

Stilphate of copper. — This disinfectant, which seems to be more effect- 
ive than most other nutullic salts, was tried in solutions containing 2 
per cent, one-half per cent., one-tenth per cent. Both the 2 per cent. 
and the one half per cent, solutions destroyed the germ within five 
minutes. Tubes inoculated with bacilli after an exposure to the one- 
tenth i)er cent, solution lor five, ten, and fifteen minutes, became tar- 
bid; those inoculated after an exposure of twenty, twenty-five, and 
thirty minutes remained clear. 

The disinfectant power for short periods of time may be said to lie 
between one-half and one tenth per cent. In this, as in other tests, one 
or two drops of the culture were added to 5 cubic centimeters of the dis- 
infectant. A slight fiocculent precipitate formed each time. 

Of hydrochloric odd a .2 i)er cent, solution of the acid, made by adding 
4.2 cubic centimeters of chemically pure acid (containing about 40 per 
cent. HCl) to l)i>.<S cubic centimeters of water, destroyed the germ in 
less than live minutes. 

Chloride of zinc. — A 10 per cent, solution of this salt failed to destroy 
the vitality of the bacilliin ten nnn.utes; 20 cubic centimeters of (Squibbs) 
chloride of zini', containing 50 per cent, of the salt, were added to 80 cnbic 
centimeters of sterile distilled water, to make a 10 ])er cent, solution. A 
drop from a culture five days old was mixed with G cubic centimeters of 
this solution, from which mixture tubes were inoculated at the end of 
five, ten, fifteen, twenty-five, and thirty minutes. The two first tubes 
became clouded. 

Sulphuric acid. — A .05 per cent, solution (1 : 2000) was fatal to the ba- 
cilli of hog cholera in less than ten minutes. 

Without going into detail, it is sufficient to say that the results weie 
reached as indicated above. Tubes containing sterile beef broth were 
inoculated at the end of Hve, ten, fifteen, twenty, twenty-five, and tliirlv 
minutes with bacteria exposed to one-half per cent, and one fourth ptr 
cent. No development. Those inoculated with one-fortieth per cent. 
became clouded, each being a pure culture of the bacillus inoculated. 
When one-twentieth i>er cent, was tried only the five-minute tube be 
came clouded. The solution (by weight) was made from sulphuric acid 
containing 90 per cent, of the acid (specific gravity 1.838). 

It mnst be remembered that the foregoing tests were made upon bac- 
teria in an active, vegetative state. It is probable that in the dried con- 
dition it would have taken solutions of the same strength somewhat 
longer time to destroy their vitality. To briefly summarize the results, 
placing the least effective substance first, we obtain the following table: 

Chloride of zinc in a 10 percent, solution destro^^ed the bacilli in 
liquid cultures in fifteen minutes. 

Carbolic acid, 1 to IJ percent. (1:100), in five minutes. 

Iodine water, in fifteen minutes. 

Hydrochloric acid, one-fifth per cent. (1:500), in less than five minutes. 
(Only a .2 per cent, solution of this acid tried.) 

Sulphate of copper, one-tenth per cent. (1:1000), in fifteen to twenty 
minutes. 

Sulphuric acid, one-twentieth per cent. (1:2000), in less than ten min. 
utes. 

Permanganate of potash, one-fiftieth per cent. (1:5000), in fifteen 
minutes. 
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Mercuric chloride, one seven hundred and fiftieth per cent. (1:75000), 
less than five minutes. 

Mercuric iodide in one ten-thousandth per cent. (1:1000000), in ten 
minutes. 

The above table would without doubt be very materially altered if the 
test had been made with virus mixed with considerable organic matter. 
This is very well illustrated by the experiments on lime, crude carbolic 
acid, and additional experiments on sulphuric acid, given in full in the 
following pages. Mercuric chloride, for instance, often fails completely 
in albuminous liquids, although it is one of the best destructive agents 
of bacteria suspended in water. So permanganate of potash, which 
would have little or no disinfectant power in liquids highly charged with 
organic matter, has a very high power in this direction in the experi- 
ments detailed above. 

The only substances in the above list, which, in our estimation, would 
be useful for purposes of disinfection, are mercuric chloride and car- 
bolic acid. Of the former, more will be said in discussing the subject of 
prevention. Carbolic acid as it usually appears in the market is too ex- 
pensive to be used on a large scale. 

CRUDE CARBOLIC ACID. 

Laplace (Deutshe Med, Wocliensehrift^ 1888, 121), found that the so- 
called crude carbolic acid, which will not dissolve in water, is capa- 
ble of solution when mixed with an equal volume of commercial sul- 
phuric acid. A 4 per cent, solution in water of this mixture was suffi- 
cient to kill anthrax spores within forty-eight hours, and a 2 per cent, 
solution destroyed them within seventy-two hours. Pure carbolic acid 
in a 2 per cent, solution has no effect on anthrax spores. The crude 
material contains about 25 per cent, of carbolic acid. Experiments were 
made to test the germicide eff'ect on hog cholera bacilli. The crude car- 
bolic acid used was a very dark, reddish, thick liquid, smelling strongly 
of tar, and not translucent even in a layer one-half inch deep. When a 
drop of this liquid was added to water it broke up into a few globules, 
which settled to the bottom without undergoing solution. When an 
equal volume of commercial sulphuric acid was added and the mixture 
thoroughly shaken, a few^ drops added to water caused a faint turbidit\", 
but none remained in a globular condition. When more was added the 
water assumed a grayish, opalescent appearance, similar to water in 
which a small quantity of soap is dissolved. 

To test this mixture, a culture liquid was prepared like that used in 
testing the disinfecting power of slaked and unslaked lime. (Seep. 
96.) Beef infusion (to which the white of an ^gg was added in the pro- 
portion of one (^gg to COO cubic centimeters of the infusion) was neutral- 
ized and sterilized without previous filtration at 110° C. in Erleumeyer 
flasks, containing each about 150 cubic centimeters. This turbid liquid, 
with its large quantity of flocculent material, was inoculated with hog 
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cholera bacilli aod allowed to stand for a week. Each flask then re- 
ceived a certain quantity of the mixture and was thoroughly shaken up. 
After certain intervals of time a platinum loop of liquid was withdrawn 
from each flask, mixed with gelatine, and a roll culture made to indi- 
cate the number of surviving bacilli. To make sure of the vitality of 
the bacilli in the culture a control culture was made from one of the 
flasks before adding the disinfectant. 



Flasks with 150 cubic centimeters culture-liquid, to which was added of 
the mixture of carbolic and sulphuric acids — 



i cubic centiraeter=4 per cent, (vol) . 

1} cubic centimeters=l per cent 

2^ cubic centimeter8=H percent — 

3 cubic centimeter8=2 per cent 

Check tube 



Number of colonies in roll 
cultures at the end of— 



One hour. Four hoars. 




The table shows that a one-half per cent, solution by volume is suffi- 
cient to destroy the bacilli within one hour. What share the sulphuric 
acid has in determining this result can not be inferred unless tried by 
itself under precisely the same conditions. This is what has been done 
in the following experiment: 

Five Erlenmeyer flasks, containing each about 150 cubic centimeters 
of a culture fluid prepared precisely like that in the preceding experi- 
ment, were inoculated with hog cholera bacilli and allowed to stand at 
a temperature of 70° to 80^ F., for four days. At the end of this period 
each drop of the culture medium, as ascertained by roll cultures, con- 
tained countless bacteria. Commercial sulphuric acid was added from 
a sterilized burette to the flasks in definite proportions by volume and 
roll-cultures made at the end of one, two and a half, twenty-four hours, 
and four days by transferring a minute quantity of the agitated culture 
on a platinum loop. 

The accomj)anying table indicates the result obtained, the specific 
gravity of the acid being 1.8+. 





! 


Volume of 
phuric 1 
added to 
c. c. cult 
liquid. 


Per cent, 
by 

weight. 


c. c. 




.2 


.24 


.4 


.48 


.95 


1.14 


1.7 


2.04 


3 


3.6 



Check. 



Countless 
do 



Number of colonies in roll cultures at the end of— 



One hour. 



Countless. .. 
30 

None 

...do 

...do 



Two and ' rr™«,.*^ r««.. 
one-half I ^^?.*^•/*'"' l Four days, 
hours. 



Countless 



10 
3 



hours. 



None 
...do 



100 

None 

..do . 

... do 

...do 



None. 
Do. 
Do. 
Do. 
Do. 
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One half per cent, of sulpliuric acid (by weight) is thus suflQcieDt to 
sterilize a richly albumiuous liquid iti tbree to four hours. Remember- 
iug that in the crude carbolic acid mixture the per cent, of sulphuric 
acid (by weight) contained in theone half per cent, solution (which was 
capable of sterilizing a similar liquid in one hour) was .36, we must 
conclude that there can be no great difference between the crude car- 
bolic acid mixture and the sulphuric acid in regard to disinfecting 
power. We shall, however, recommend the former in disinfection, since 
it may last longer in the soil in which sulphuric acid soon forms sulphates 
and thereby loses its germicide properties. According to experiments 
given on page 90, .05 per cent, sulphuric acid was sufficient to destroy 
hog cholera bacilli in ten minutes when no organic matter was i)resent. 
In the above experiment, in which the liquid contained much organic 
matter, about ten times as much was necessary. 

ORDINARY LIME AS A DISINFECTANT FOR HOa CHOLERA, 

Eecent experiments made with ordinary lime (CaO) by Liborius 
{Zeitsehrift f. Hygiene II, 1887, p. 15) have shown that water containing 
but .0074 per cent, of lime is capableof destroying typhoid bacilli in the 
course of a few hours. Cholera spirilla are destroyed by a solution con- 
taining .0246 per cent, of lime. These two diseases resemble hog chol- 
era in the mode of dissemination of the virus. In all, the stools are the 
chief vehicle of the bacteria. Disinfection, therefore, becomes a most 
important aid in the prevention of the disease. 

Lime has many advantages over other disinfectants. It is, first of all, 
not poisonous. It may be used almost anywhere with impunity where 
mercuric chloride or strong acids are inapplicable. The soil, when 
containing the germs of the disease, is not injured by being covered 
with a small quantity of powdered or slaked lime. The material is ex- 
ceedingly cheap and can always be obtained without difficulty. The 
experiments given in the following pages show that lime is a very effi- 
cient disinfectant with reference to hog cholera virus, and therefore with 
reference to the bacteria of swine plague, which are far less resistant 
than the former. 

The method is, in the main, based upon that used by Liborius, with 
some modifications, which it is not necessary to point out here. 

(1) It was desirable to observe what percentage of lime in solution 
was necessary to destroy hog cholera bacteria not mixed with any ap- 
preciable quantity of organic matter. For this purpose water contain- 
ing different quantities of lime in solution received about two drops from 
a beef-infusion culture, each drop containing approximately 500,000 bac- 
bacteria. At the end of one-half hour about one- thirtieth cubic centimeter 
of the fluid (usually 8 to 10 cubic centimeters) was removed with a flamed 
platinum spiral and transferred to liquefied gelatine in a test tube. The 
same was done at the end of three hours. This tube was then i:)laced in 
ice water and twirled between the fingers while in a horizontal position. 
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The gelatiue, as it congealed, uniformly coated tbe luside of the test tabe, 
which was immediately transferred to a box in connection with a refrig- 
erator, where it was kept at a temperature of TS^F.* The temperature of 
the laboratory during these experiments was frequently as high as 95o F., 
scarcely ever below 80° F., (July). Any bacteria not killed by the disin- 
fectant would show as minute yellowish-white points in the layer of gel- 
atine within forty-eight hours. The number of points corresponded to 
the number of living bacteria introduced into the gelatine. These cul- 
tures will be denominated roll cultures in the succeeding pages. By this 
method it was found that lime-water diluted with three times the quan- 
tity of distilled water was sufficient to destroy hog cholera bacteria in 
one-half hour. A dilution containing six times the quantity of water 
destroyed the bacteria in three hours, while a dilution containing twelve 
times the quantity of water was not capable of destroying them in 
twenty-four hours. 

If we take .12 per cent, as the quantity of lime in lime-water, .03 per 
cent, of lime will destroy all bacteria in one-half hour, .019 per cent, in 
three hours. 

I. 



Lime-water diluted so as to contain of CaO. 



0.072 per cent 
0.06 per cent . 
0.04 per cent. 
0.03 per cent. 
Check tube. . 



Number of colonies in 
roU cultures prepared Liqmd cultures 
at the end of— , inoculated at 

I theeodof 

twenty-four 
lOno-half hour. Four hours.' hours. 



None 

..do 

(*) 

None 

Countless. 



None 
,...do 

do 

...do 



Sterile. 
Do. 
Do. 
Do. 



n. 



0.03 per cent... 
0.019 percent.. 
0.0092 percent. 
Check tube 



None 

Very many. 

do 

Countless. 



None 

....do 

Very many 



I 



Sterile. 
Do. 
Tarbid. 



* Contains hay bacilli. 

The quantity of the disinfectant used must be increased, with many 
disinfectants, with the quantity of organic matter i)resent in tbe mate- 
rial to be disinfected. The preceding experiment gives us therefore 
only the minimum quantity that is necessary to destroy hog cholera 
bacilli when organic matter is practically absent. 

A second series of experiments was therefore made by mixing beef 
infusion cultures with varying proportions of lime-water, and observing 

*A description of this method is given by its author, E. Esmarch, iu the Zcitschiifi 
fur Hygiene^ i (1886), p. 293. 
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the quantity necessary to destroy all bacteria present. A preliminary ex- 
periment was made by adding; lime water in varying proportions to cult- 
ure tubes containing about 10 cubic centimeters each of beef infusion 
which had been inoculated the day before and were now opalescent. A 
flocculent precipitate formed after the addition of the lime-water, which 
soon settled to the bottom, the quantity of this precipitate varying di- 
rectly with the amount of lime water added. The following table shows 
that in all the cultures made by transferring a loop of the mixture of cult- 
ure liquid and lime-water in the proportions there given at the end of 
thirty minutes, four hours, and twenty-seven hours, no destruction or 
retardation of bacterial growth could be detected. In the first tube con- 
taining beef infusion and lime-water in the ratio of 2 to 1 the precipitate 
left at first a perfectly clear supernatant liquid. This did not, however, 
mean complete disinfection, as the roll cultures proved. Moreover, at 
the end of three or four days this liquid became opalescent again, owing 
to the rapid unchecked multiplication of the contained bacteria. 

A quantity of lime amounting to .04 per cent, was not suflBcient to 
destroy the vitality of beef infusion cultures. 

III. 




Limo 
■water. 



Lime. 



Number of colonies in loll cultures prepared at 

the end of— 



c.c. 


Per cent. 


5 


.04 


2 


.02 


1 


.01 


h 


. 0057 







One-half 
hour. 



Countless 

...do 

...do — 
.. -do ... 
...do .... 



Four 
hours. 



Countless 
...do.... 
...do .... 
.. .do 



Twenty-seven a^„^„ ,,„„„ 
hnnrfl Seveu days. 



Countless . 

...do 

...do 

...do 



Countless. 
' Do. 



* Check. 

This experiment was therefore continued with relatively larger quan- 
tities of lime. Four portions of 40 cubic centimeters each of beef infu- 
sion in culture flasks, in which hog cholera bacteria had multiplied for 
twenty-four hours, were mixed respectively with one-half, one, one and 
one-half, and two volumes of lime-water, and thoroughly shaken. It 
was found by testing with roll cultures at the end of thirty minutes, four, 
and twenty-seven hours that for every 40 cubic centimeters of culture 
liquid it required CO cubic centimeters of lime-water to destroy all bac- 
teria within twenty-seven hours, while a large number were destroyed 
within four hours. It required 80 cubic centimeters to completely ster- 
ilize the culture fluid in four hours, although nearly all bacteria were 
destroyed within the first half hour. In the fiask to which 40 cubic 
centimeters had been added there was a partial destruction of bacteria 
at the end of twenty-seven hours. At the end of six days the bacteria 
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were as uuinerous as in the flask oontaining 20 cubic centimeters of 
lime-water, in which no destruction of bacteria or retardation of growth 
could be observed. The percentage of lime in these cultures is given 
in the following table : 

IV. 



• 

1 




a 


Lime- 
water. 


%4 

1 




e. e. 


e. e. 


40 


20 


40 


40 


40 


CO 


40 


80 



Nuriber of colon ie« in roll coltares prepared 
at the end of— 



Lime. 



t One-half 
I hour. 



Per cent 
.04 
.06 
.072 
.08 



Countless 
. ...do . . .. 

do 

A few . . . 



Four hoars. 



Twenty- 
seven 
hours. 



Countless . 

. ...do .... . 

A few . . . . 

None 



Countless . 
Very many. 

None 

....do 



Six days. 



Countless. 
None. 



When the lime-water was added to the beef infusion a light flocculent 
precipitate was formed immediately as in the preceding experiment, 
the quantity depending on the amount of lime-water added. This set- 
tled to the bottom in a very short time, leaving a perfectly clear, slightly 
yellowish layer of liquid above. In those flasks, however, in which dis- 
infection was not accomplished, this layer of liquid remained turbid, or 
else became clear at first, with the partial destruction or precipitation 
of bacteria, and then became clouded again as the remaining bacteria 
multiplied in it. 

The quantity of organic matter which is present in substances to be 
disinfected is ordinarily quite large. This is true of bowel discharges 
which contain the specific hog cholera bacteria, and which should there- 
fore be thoroughly disinfected. To prepare a solution containing a con- 
siderable amount of insoluble albuminous matter, the method of Liborios 
was adopted. Beef was chopped finely and allowed to soak over night 
in the refrigerator in twice its weight of water, as in the preparation 
of beef infusion. After the meat had been removed from the liquid 
in a press the latter was neutralized and the white of an egg was 
added in the ratio of one egg to every 600 cubic centimeters of liquid. 
The whole was boiled and the coagulated masses allowed to remain in 
the liquid. The amount of solid particles and lumps, when deposited 
on the bottom, formed a layer nearly as deep as that of the liquid above 
it. 

This mass of liquid and solid matter was placed in Erlenmeyer flasks^ 
each receiving 150 cubic centimeters. The whole was sterilized for sev- 
eral hours at a steam pressure of 12 pounds and subsequently inoculated 
with hog cholera bacteria. At the end of three days, when each drop of 
the culture liquid contained nearly a million of bacteria, milk of lime, 
made by adding lime in the ratio of one gram to 8 cubic centimeters of 



97 

water, or, in other words, milk of lime contaiuing 10 per cent, of lime, 
was added in various quantities as shown by the following table: 

V. 





• 

g 






Number of colooies in roll cultares made 
at tuo end of— 


No. 


ce 

a 
1 


Milk 

of 
Lime. 


Lime. 


One-balf 
hour. 




Six days. 




e.e. 


c. c. 


Per cent. 










1 


15U 


40 


2.1 


None 


None* 


None . . . 




2 


150 


20 


1.2 


— do 


do 


...do... 




3 


150 


10 


.62 


— dot 


— do 


. . do . . . 




4 


150 


5 


.32 


dot 


do 


...do... 


None. 


5 


150 

(§) 


2 


.13 


Very many. 
Conntl^as 


Very many. 


50 


Very many. 








■ 



About 12 fungi. 



tAbontlOOfun^n- 



§ Check (beef iufuaion). 



In all the experiments the cultures containing the precipitated mat- 
ter were shaken up before testing so that the quantity taken for the 
'roll cultures (about -^^ to ^ cubic centimeter on a spiral of platinum) 
consisted of solid particles as well as liquid. 

Within thirty minutes after the addition of the milk of lime the pre- 
cipitate had settled so as to leave the supernatant liquid perfectly 
clear Id f asks 1, 2, and 3; in flasks 4 and 5 it was still turbid as be- 
fore the addition of the lime. It cleared up in No. 4 soon after, but re- 
mained permanently turbid in No. 5. In none of the other flasks did 
this layer become turbid even after seven days. In these the bacteria 
were permanently destroyed, as the table shows. That the lime trans- 
ferred to the roll cultures could have had no retarding effect on the 
growth of any bacilli present was proved by adding at least four times 
the quantity of lime to a gelatine tube which had been inoculated with 
a drop of culture fluid. Countless colonies appeared in the gelatine 
layer in due time. The check tubes were tested oily at the beginning 
of every experiment to test the vitality of the cultures used. Since hog 
cholera bacteria will remain alive in the beef infusion employed for 
weeks and months, there was nothing to be gained in making roll cult- 
ures from these check tubes more than once. 

The table shows that 5 cubic centimeters of a 10 per cent, milk of 
lime was sufficient to sterilize within one-half hour 150 cubic centime- 
ters beef infusion containing much suspended albuminous matter. This 
would be equivalent to about one half gram of ordinary unslaked lime, 
or about .0032 gram for every cubic centimeter of liquid, i. e., .32 per 
cent. We may assume, therefore, that for every twenty pounds of 
fecal matter or discharges from diseased pigs only one ounce of lime 
in the form of milk of lime is needed, provided the two are thoroughly 
15612 H c 7 
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mixed. The less complete this mixing can be the more lime must be 
added to make the disinfection thorough. By comparing the amoant 
of lime necessary when there is little or no albuminous or other organic 
matter present and when there is a large quantity of it, we are im- 
pressed with the importance of always taking into consideration the 
circumstances under which disinfection is to take place. Thus the 
bacteria of hog cholera are destroyed in one-half hour when placed 
in water containing only .03 per cent, of lime. When there is present 
beef infusion diluted* to one-third the original strength it requires .08 
per cent, of lime. When the suspended albuminous matter is consid- 
erable it requires .32 per cent. 

It may be more convenient to use unslaked lime either in small lumps 
or powdered shortly before application to the mass to be disinfected. 
That this may be done the following experiments are sufficient proof: 

Erlenmeyer flasks, containing each from 100 to 200 cubic centimeters 
of beef infusion in which there was a large amount of suspended mat- 
ter, as in the preceding experiment, were used for this purpose. After 
inoculating each with hog cholera bacteria they were allowed to stand 
for forty-eight hours. At th(3 end of this time the flasks contained many 
millions of germs in each cubic centimeter. • Unslaked lime was broken 
up into lumps as large as peas or beans, and thoroughly heated over a 
Bunsen flame to destroy any adherent spores and drive away any moist- 
ure. After cooling, this was thrown into the culture-flasks in the pro- 
portion, by weight, of 2, 1, J, and J per cent., respectively. The flasks 
became very slightly warmer. After thorough shaking the suspended 
matter soon began to settle down, leaving a clear, supernatant liquid, 
which remained clear after ten daj^s' observation. The liquid in the last 
flask (J per cent, lime) cleared up most tardily. The attached table shows 
that even as little lime as J gram in 100 cubic centimeters was sufficient 
to permanently destroy all bacteria in a liquid very rich in albuminous 
substances. Even at the end of eight days the flasks containing the 
smallest amounts of lime were sterile. 

VI. 



Beef infasion. 


Per cent, 
of CaO. 


Number of colonies developed in roll culture pre- 
pared with T^xs cubic centimeter ot Infasion at the 
end of— 




One hour. 


Four bours. 

None 

A fow 

None 

do 


Twenty- 
four hours. 


Eight days. 


100 cubic centimeters pins 2 grams CaO. 
120cabic centimeters pi as 1.2 grams CaO 
200 cubic centimeters pins 1 gram CaO. 
200 cubic centimeters plus .5 gram CaO. 


2 
1 
.5 

.25 


None 

do 

Very many.. 
— do 


None 

do 

..do 

.. do 


None. 
Do. 



The table shows that in the flasks containing one-half and one-fourth 
per cent, of lime there were still a considerable number of living bacteria 
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at the end of the first hour, although destroyed at the end of four hours. 
The presence of bacteria in the flask containing 1 per cent, of lime at 
the end of four hours, although none were detected at the end of the 
first hour, shows that all bacteria are not necessarily destroyed simul- 
taneously. 

A second experiment, conducted precisely as ihe preceding, confirmed 
the latter in every respect. The quantities were chosen somewhat dif- 
f(MneDtly, as the appended table shows, in order to find out the lowest 
percentage of lime that will destroy all bacteria within a given period 

of time. 

vn. 





Lime. 


Number of colonies in roll cultures made \rith ^ 
cubic ceBtimeter of the beef infusion at the 
end of— 


Boef infoHion. 


One hour. 


Three hours. 


Twenty- 
four 
hours. 


Five 
days. 


100 cable centimeters plus 1 gram CaO 

200 cubic centimeters plus 1 gram CaO . . . 
200 cubic centimeters plus . 5 gram CaO . . . 
200 cubic centimeters plas . 3 gram CaO . . . 
Check tube 


Per cent. 
1 
i 

.15 


Very many . 
None 


None 

.... do - . 


None . . . 
. . . do .... 


None. 
Do. 


Very many . 

Countless... 

....do 


50 
Very many.. 


... do .... 
50 


Do. 
Do. 











The lime was powdered, and heated in a platinum evaporator to de- 
stroy all adherent spores. There was scarcely any perceptible rise of 
temperature when the lime was added to the liquid. The first flask con- 
tained a culture eight days old, the remainder contained cultures four 
days old. From the table it will be seen that one-half per cent, of un- 
slaked lime is sufficient to sterilize a very turbid albuminous liquid in 
four hours, one-fourth per cent, in twenty-four hours. Fifteen-hun- 
dredths percent, was almost enough to destroy all the germs in one day 
while at the end of five days all were dead. 



DISINFECTION OF THE SOIL WITH LIME. 

The same fine loam used in the experiments to determine the vitality 
of hog cholera bacteria in the soil was used here. The method pur- 
sued was briefly as follows : 

Into small beakers, plugged with cotton wool and sterilized at 150° 
C. for several hours, about 50 grams of slightly moist soil was intro- 
duced, and the whole sterilized under steam pressure at 110° C. About 
10 cubic centimeters of a beef-infusion culture of hog cholera bacteria 
was then stirred up with it. After a certain length of time milk of 
lime was added and thoroughly mixed with the soil. The destruction 
of the bacteria was noted at certain intervals of time by taking small 
bits of the soil on a platinum loop and making roll cultures therefrom. 



100 

The table appended gives the results of a series of experiments carried 
out according to tbis plan ; 



Number and date of 
experiments. 



1888. 

I.— Jan. 18 

II.— .Tan. 20 

III.— Jan. 23 

IV.- Jan. 24 

v.— Jan. 31 

VL— Jan. 31 

VII.—Feb. 10 

VIII. -Feb. 10 

IX.-Feb.23»-... 

X.— Feb. 23* 

XI.— June?'. ... 
XII.— June?'. ... 



Quantity 
of lime 
in soil. 



Per cent. 
1 
2 
i 
i 
i 
i 

i 

I 

i 
1 



Check 
ctllturo 



loo 

00 
00 

00 

00 

00 

(') 
(') 

00 
00 
00 

00 



Number of colonies in roll cultures prepared from a small 

bit of soil after — 



One-half 

to one 

hour. 



(«) 



100 
*0 



00 



Three 
to four 
hours. 





30 



250 






(«) 









12 



(') 



1 
One ! 
day. 


Two 
days. 


Three 
days. 


Five 
days. 


1 

Six 
days. 


Seven 
days. 




















3-4 





10 








1000 


00 






« 




20 









O 


(') 


8 




00 




00 


00 







































(•) 




















































* Countless colonies. 

2 Less than oo, but slill too numerous too be esti- 
mated. 
^ Fungi present. 

* A few jungi present. 



^Rabbit died of hog cholcr.i after inoculation 
with soil on nineteenth day. 

* A microccus multiplies in the soil. 

' Eabbit inoculated with soil on eleventh day 
remains alive. 



The following may serve to explain more fully the tabulated experi- 
ments and results obtained: 

I. Fifty grams sterile moist soil, infected with 10 cubic centimeters 
of a beef-infusion culture January 5. January 18: 5 cubic centimeters 
of a 10 per cent, milk of lime (9 cubic centimeters water and 1 gram 
ordinary unslaked lime) was stirred up with it. This is equivalent to 
1 per cent, of lime. A roll culture from the infected soil was made in 
all experiments before the lime was added, to make sure of thepres 
ence of living germs. Eoll cultures, to which three loops of milk of lime 
were added, showed no diminution in the growth of colonies, proving 
that the small amount of lime (fraction of a loop) added with the soil had 
no retarding effect. In this experiment 1 per cent, lime was sufficient 
to remove from the soil countless bacteria (as shown by check-roll) in 
three to four hours. 

II. January 20 : To another beaker of soil, prepared and infected with 
the preceding, 2 percent, milk of lime was added and stirred up. The 
result identical with Experiment I. 

III. January 23: 2J cubic centimeters of 10 i)er cent, milk of lime 
added (= J per cent.). The check-tube contains so many colonies as to 
have an opalescent appearance. Disinfection is nearly completed after 
one hour. A few colonies develop in the one day and three day tube. 

lY. January 24 : IJ cubic centimeters of 10 per cent, milk of lime 
(= J per cent.); no disinfection is brought about. During the first 
twenty-four hours there is a decided diminution in the number of colo- 
nies, but a decided increase thereafter. 

Y, YI. January 31 : The sterile soil in two beakers was infected yes- 
terday with a beef-infusion peptone culture three days old, 10 cubic 
centimeters being added to each beaker. To-day enough milk of lime 
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(5 per cent.) is added to two beakers to make one-half per cent, and 
one-quarter per cent., respectively. The check tubes show subsequently 
countless colonies. The table shows a slight diminution in the number 
of colonies for the first twenty-four hours, then an increase. No disin- 
fection. For the one-half per cent, beaker there is apparently a complete 
destruction during the first two days, but subsequently the few remain- 
ing multiplied again. No disinfection here. This result seems to disa- 
gree with the third experiment. The discrepancy was, however, caused 
by the fact that the milk of lime was not thoroughly shaken up when 
used. 

Yllj VIII. In these experiments the lime was thoroughly stirred up 
before use, and in both beakers disinfection has taken place. The 
germs in the soil before adding the lime were not so numerous, because 
the soil had been infected from a liquid culture only fifteen minutes 
previous and no multiplication could have taken place. 

IX, X. The conditions of the experiment are the same as before. 
The soil is infected with a liquid culture two days old. Seven days 
later check-tubes are prepared from each beaker of soil. One receives 
one-half per cent, lime, the other three-quarters per cent. (i. e., 5 cubic 
centimeters and 7.5 cubic centimeters of a 5 per cent, milk of lime to 50 
grams soil). The table shows that the beakers were invaded by a mi- 
crococcus after the first day, which multiplied enormously in the soil, 
so that hog cholera colonies could not be detected. After nineteen days 
two rabbits, inoculated with a little infusion made from the soil, suc- 
cumbed to hog cholera. 

March 13: Eabbit inoculated subcutaneously with sterile beef infusion, 
in which a little of the one-half per cent, lime soil had been stirred up. 
Eabbit dead March 19. Spleen enlarged, congested ; kidneys, lungs, 
and duodenum with hemorrhagic foci. Beginning necrosis in liver. 

A second rabbit inoculated from the three-quarters per cent, lime soil 
in the same way and at the same time. Eabbit dead March 21. Lesions 
the same, in addition to a hemorrhagic condition of the lower portion of 
large intestine. In both hog cholera bacteria present. 

XI, XII. Experiments carried out as the preceding ones. The bac- 
teria were permanently destroyed, as shown by the roll cultures made 
up to the seventh day, and unsuccessful inoculation of rabbits later on 
the eleventh day. 

From these experiments we may conclude that three- quarters to one 
per cent, of lime will destroy hog cholera bacilli in the soil. It is highly 
probable that a smaller per cent, of lime (one-quarter to one-half per 
cent.) will be amply sufficient when simply scattered in a thin layer 
over the surface where the great majority of the disease germs will 
remain until destroyed by natural agencies. 

IS THERE ANY RESISTANT SPORE STATE IN THE LIFE HISTORY OP 

THE BACILLUS OF HOa CHOLERA? 

This question can now be answered with the help of the foregoing 
experiments. 

Stained in dilute aqueous solutions of aniline colors the bacilli from 
the tissues of animals which have succumbed to the disease stain in 
such a way as to leave the impression that each bacillus contains an 
endospore. A narrow band of stained substance bounds an oval pale 
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body, which is but slightly tinged. It appears that a rather resistant 
envelope prevents the coloring matter from passing readily into the in- 
terior of the bacilli. 

If a droi) from a recent liquid culture be suspended from the lower 
surface of a cover-glass and examined in a glass cell with a homogene- 
ous immersion objective and small diaphragm, the following appear- 
ances are worthy of record : The bacteria in the center of the drop of 
culture fluid are in very active motion. If the periphery of the drop be 
examined there will be found a dense layer of bacteria caught there by 
the slow desiccation and consequent contraction of the drop. These, 
some of which are still moving slowly, appear slightly larger than the 
forms in the center of the drop. As the drying proceeds and the film 
of water becomes thin, the bacteria appear to be made up of a distinct 
dark border surrounding an almost transparent body. In most forms 
there is a slightly thicker border at the ends than at the sides of the 
short, rod-like bodies. When stained slightly this border takes the 
stain well, while the body of the rod remains pale. The fact that the 
structural and color pictures correspond is strong evidence that the 
microbe possesses a rather dense membrane, which in optical section is 
seen as a narrow dark border. 

Involution forms may occasionally simulate endogenous spore forma- 
tion. When hog cholera bacilli are placed upon the surface of gelatine 
with, a drop or two of blood, a few days are sufficient for the formation 
of a large number of filaments from two to many times the length of 
the bacilli as they are found in the tissues of animals. The ends are 
rounded or irregularly pointed ; the width of the bacilli varies 5 in gen- 
eral, they have the physiognomy of abnormal forms. In each bacillus 
there may be from one to four oval, square, or oblong, clear spaces. 
When stained they remain without color, thus simulating spores. When 
carefully examined in a fresh condition, there is no refrangibility — they 
are mere holes or spaces left by the irregular breaking up and retrac- 
tion of the protoplasm. 

Microscopical characters, however, are now and then misleading, un- 
less we interpret them by physiological experiments. Judging from 
what have hitherto been considered properties of bacterial spores, the 
microbe of hog cholera can not lay any claim to the production of true 
endogenous spores. Their absence is determined by results of experi- 
ments recorded in the preceding pages : 

(1) The thermal death-point of the bacilli at 58° 0. An exposure to 
this temperature for fifteen, to twenty minutes destroys not only the vi- 
tality of cultures of all ages, but also the germ in the tissues of the in- 
fected animal. A momentary exposure to boiling water is equally effi- 
cacious. 

(2) The bacteria are destroyed by disinfectants in solutions which are 

incapable of destroying spores. 
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(3) They are killed by simple drying far more quickly than are spores; 
at the same time their resistance to drying is much greater than might 
be expected under the circumstances. In the experiments recorded 
some dried bacteria in spleen pulp \i'ere killed in less than a month ; 
others resisted forty-nine days. For cultures we may put the limit, ac- 
cording to experimental data, betweenroue and four months. It is this 
continued vitality in the dried state that suggests the existence of a 
membrane which is more resistant than that possessed by the great 
majority of bacteria in their vegetative state. 

(4) Subjected to various conditions of moisture and dryness, of freez- 
ing and thawing in the superficial layers of the soil, they are destroyed 
after an exposure of between two and four months. 

The facts brought out by the study of the bacillus lead to the con- 
clusion that a distinct spore state, so called, does not appear either 
within the animal body or in nature. 



WAYS IN WHICH SWINE BECOME INFECTED, 

BY WAY OF THE DIGESTIVE TRACT. 

(a) Feeding diseased viscera, — In at least 90 per cent, of swine, bog 
cholera may be induced by feeding to them the viscera of animals which 
have di^d of the disease. The lesions produced are exceedingly severe. 
The mucous membrane of the large intestine is extensively ulcerated 
or completely necrosed. In animals which have contracted the disease 
in the ordinary way in infected pens the ulceration of the large intes- 
tine, at times very severe, usually stops abruptly at tbeileo ciecal valve. 
When this is slit up, the mucosa belonging to the small intestine up to 
the free border of the valve is in the great majority of cases normal, 
while the mucosa of that surface of the valve facing the cjecum may be 
extensively ulcerated. In many animals fed with infectious matter the 
ulceration involves the entire ileum. This is well illustrated by the 
following cases : 

January 8, 1886. — Pig No. 165 was fed with the viscera of two pigs 
which had died of hog cholera. It was found dead January 26, after 
manifesting no marked symptoms of disease except a tendency to lie 
quietly in its pen. On examination the subcutaneous fat was found 
diffusely reddened. There was a slight peritonitis, indicated by a con- 
siderable quantity of straw-colored effusion and some fibrinous stringy 
deposits. There were also a few local excrescences on the small intes- 
tine, due to the irritation ot echinorhynehi. Spleen somewhat enlarged ; 
on its surface a few bright red punctiform elevations. Eight heart dis- 
tended with a clot. Local hepatizations in lungs, probably caused by 
lung worms,which were very numerous. Stomach but slightly reddened. 
A number of ulcers in the duodenum, the mucosaof which was reddened. 
The mucosa of the ileum for 1^ feet from valve was completely ne- 
crosed, the walls thickened, and the serosa of this portion dotted with 
ecchymoses. On the upper portion of the ileum there were scattered 
ulcerations on a deeply congested membrane for 6 or 7 feet. The entire 
length of the large intestine was covered with dirty, yellowish ulcera- 
tions varying in diameter from a pin's head to nearly an inch. The 
mucosa itself was very deeply congested in the caecum and colon, and 
the walls much thickened. Ascarides and echinorhynchi numerous in 
small intestines. The liver attached to diaphragm in several places by 
a whitish exudate. 

A tube of meat infusion with peptone inoculated from the spleen of 
tbis animal was found to be a pure culture of the motile bacillus of hog 
cholera. Line cultures on gelatine plates confirmed the microscopic 
examination. A tube of nutritive gelatine inoculated from the spleen 
at the same time contained in each needle-track, several days later, 
from ten to fifteen colonies of the same Organism. Two cover-glass pre- 
parations revealed no bacteria. This fact, combined with the small 
number of colonies in the tube culture, gave evidence of the small num- 
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ber of germs in the spleeu tissue. Inoculations on mice and guinea- 
pigs gave substantially the same results as those obtained hitherto. 

No. 159 WHS fed with viscera of No. 1C5 on January 28. Febru- 
ary 5, its eyes were sore and nearly closed ; it was quite weak. It died 
the following day, only eight days after infection. The skin on ab- 
domen was reddened in patches; the subcutaneoue tissue diffusely. 
The superficial inguinals, as well as the glands in the abdomen, were 
deeply congested, the cortex more especially. Those of the thorax 
were nearly pale. The spleen was dotted with a few punctiform blood- 
red elevations. Beneath the epicardium and endocardium of both auri- 
cles and the endocardium of the left ventricle were extensive patches 
of extravasated blood. Kidneys enlarged and congested throughout. 
The lesions of the ileum, caecum, and colon in this animal were quite 
as extensive as those of the case just described ; there were no ulcers 
in the rectum, however. Those of the colon had black centers, point- 
ing to a recent origin from blood extravasations on the surface of the 
mucous membrane. 

In the spleen of this case the characteristic bacteria of hog cholera 
were exceedingly numerous, as determined by cover-glass preparations. 
Two liquid cultures proved pure when tested on gelatine plates. In the 
needle tracks of a tube culture in gelatine innumerable colonies ap- 
peared in a few days. Inoculations into animals from subsequent cult- 
ures proved equally positive. 

Pig No. 156 was fed with the viscera of No. 159 February 18, and 
after manifesting the usual symptoms of hog cholera, died February 
25, seven days after feeding. Among the marked lesions produced by 
the disease was a complete necrosis of the upper two thirds of the colon, 
with scattered ulcers along the lower third. Eight feet of the lower 
portion of the small intestine, beginning at the valve, was necrosed. 
In the spleen there were numerous small grayish spots, probably cen- 
ters of necrosis, as they showed no longer cell structure when crushed 
on a slide and stained. The fundus of the stomach was also deeply 
congested. 

The spleen, to which organ the microscopic examination was limited, 
contained the characteristic bacteria, as shown by cover-glass prepara- 
tions. Three liquid cultures made from the same organ were found to be 
pure cultures of the same microbe when tested by line cultures. A tube 
culture in gelatine developed in each needle-track numerous non-lique- 
fying colonies. 

In these animals the mode of introduction of the virus determined the 
seat of the severest lesions. It is probable that the food passes quite 
rapidly through the small intestine; that in the stomach the action of 
the bacteria is more or less limited, because they have not sufficient 
time to multiply, and probably because hindered by the acid condition 
of the organ, though they will multiply with considerable vigor in 
slightly acid solutions. The prolonged stay of the food in the large in- 
testine permits multiplication, and thereby causes the first and severest 
lesions to appear here. When these have become very extensive, so as 
to paralyze the action of the large intestine, the ileum becomes involved 
in a similar manner, possibly by a partial stoppage of the infectious 
matter in this portion of the intestine. 

It may therefore be said, in general, that the feeding of hog cholera 
viscera produces lesions like those found in natural infection, only more 
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severe and more extensive. The duration of the malady is also much 
shortened. The notes given above are quoted from one of the reports 
of the Bureau. Since they were written numerous other pigs have been 
fed in this way in the course of vaccination and other experiments with 
precisely the same result. We must therefore emphatically deny the 
truth of statements made now and then in agricultural journals that hog 
cholera can not be communicated to healthy swine feeding upon the vis- 
cera of those dead from this disease. Such statements are pernicious 
in tendency, and aggravate the evil which this malady carries with it. * 
(6) Feeding pure cultures of hog cholera bacillu — The successful re- 
production of this disease by feeding pure cultures of hog cholera bac- 
teria proves not only that the bacteria fed are the true cause of the 
disease, but also that infection may and does take place in this way. 
We again quote from the report for 188G some experiments which 
demonstrate that swine may take the disease and die by simply swal- 
lowing somewhat more than half a pint of beef broth in which hog cholera 
bacteria were growing. 

December 13, 1886. — Three pigs were fed with 300 cubic centimeters 
each (three fifths of a pint) of a beef-infusion culture of hog cholera ba- 
cilli kept in the thermostat, at 96° F., for three days. The culture was 
contained in two flasks. When examined both were found pure. The 
pigs were prepared for the feeding as follows: No. 348 received no food 
for over twenty-four hours. A 2 per cent, solution of sodium carbonate 
in beef infusion was then given to increase the alkalinity of the stomach. 
Of this about 1 liter was consumed. It was then fed with 300 cubic cen- 
timeters of culture liquid mixed with beef broth to make 1 liter. No. 
350 was starved in the same way, but received no alkali before consum- 
ing the culture. No. 342 was not deprived of food before eating the cult- 
ure. 

The result confirmed our anticipations. No. 348 showed signs of 
disease in two days. On the third it was unable to rise, and died on 
the same day. The postmortem examination showed a considerable 
congestion of the mucous membrane of the duodenum and jejunum, as 
well as of the large intestine. The fundus of stomach affected in the 
same way. The liver was gorged with blood, as well as the portal 
system. There were no marked lesions of the other viscera. That hog 
cholera bacilli had also entered the blood was shown by two pure cult- 
ures in beef infusion obtained from the spleen. A gelatine culture 
from the liver contained about six or seven colonies. 

No. 350 was a more typical case, and demonstrated the severe local 
effects of the bacillus much better, since the animal lived longer. It 
ate fairly well until the fourth day, when its appetite gave way and 
diarrhea set in. From this time it grew weak and thin, being scarcely 
able to walk. It died on the tenth day after feeding. The lesions of 
the alimentary tract were exceedingly grave. Beginning with the 
stomach, the mucous membrane was dotted with closely-set elevated 
masses as large as split peas, and larger patches of a whitish viscid sub- 
stance, made up entirely of cellular elements (diphtheritic?). When 
temoved, a raw, depressed surface was exposed. The membrane itself 

* It may be possible that those who inake this claim were confronted with swine 
plague. *Thi8 disease, although resembling hog cholera very closely in many features, 
^e have not been able to reproduce by feeding. 
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was pale. Besides a general injection of the ileum, Peyer's patches were 
more deeply congested, and the uppermost covered with a thin, yellow- 
ish film, not removable, and most likely dead epithelium. In the cae- 
cum and colon the mucosa was superficially necrosed, and converted 
into a continuous layer of a dirty whitish mass about 1™°* thick. The 
walls of the intestine were greatly thickened and very friable. 

Microscopic sections showed an extensive cellular infiltration of the 
submucous connective tissue which had separated the masses of fat 
cells, concealed the connective tissue fibers, and caused a great thick- 
ening of the entire layer. The mucosa itself was greatly altered. The 
surface was necrosed and converted into an amorphous mass. In some 
])laces the necrosis involved the entire depth of the crypts of Lieber- 
ktihn, a scries of fc^triae indicating their former existence. Those whose 
epithelium still remained were plugged with a cylindrical mass, inclos- 
ing broken-down nuclei. The bacteria had exerted their poisonous 
effects from the surface of the mucosa towards the depths, destroying 
the surface epithelium and glandular structures and involving second- 
arily the submucous layer. Near the rectum this continuous mass of 
dead tissue was replaced by isolated ulcers embedded in an intensely 
reddened mucosa. The ileo-ca^cal valve was much swollen, but the 
necrosis did not extend into the ileum, although there were a few ulcers 
near the valve, and the epithelium had a pale, lusterless aspect, as if 
dead. The liver was filled with blood, which readily clotted as it flowed 
from the cut surface. Spleen congested and but slightly enlarged. 
Lungs hypostatic. The lypmphatic glands in general not much affected. 
Two liquid cultures from the blood were turbid next day, and contained 
hog cholera bacilli only. In a gelatine tube culture from the liver aboat 
a dozen colonies developed in each needle-track. 

No. 342, which was fed with the same quantity of culture liquid, bnt 
was notdeprived of food previously, was somewhatill on thefollowingday. 
It recovered, however, and continued apparently well for several weeks. 
It began thereupon to grow thin and weak. On January 2(> it was no 
longer able to rise, and was therefore killed for examination, in order to 
conclude the experiment. On opening the abdominal cavity it was at 
once perceived that the animal had been suffering from a very intense 
disease of the large intestine, a portion of which was firmly attached to 
the bladder. When dissected out and slit open, the mucous membrane 
of the caecum and colon was found replaced by a brownish friable layer 
of necrosed tissue. The wall of the intestine was infiltrated to such an 
extent that it was nearly one-fourth inch thick, and so degenerated that 
the forceps easily tore through it. The thickness of the walls pre- 
vented the intestine from collapsing after it was opened. Its onl^^ con- 
tents was a brownish liquid mass. The glands of the meso colon were 
very large, some like horse-chestnuts. On section the entire tissue was 
very pale, almost white. The spleen was somewhat enlarged ; the Mai- 
pighian corpuscles unusually large and prominent on section. Lungs 
and heart normal ; kidneys deeply reddened throughout. 

This case is very interesting in completing the information gained by 
this feeding experiment. No. 348, which had been fed with sodium car- 
bonate, besides being deprived of food, died three days after the ingest- 
ion of the culture. No. 350, which was simply starved, died ten days 
thereafter, while No. 342, which ate the culture without being previ- 
ously starved, was dying on the thirty-fourth day. 

These results show that infection may occur by way of the digestive 
system, provided the destructive action of gastric digestion be pre- 
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vented, as was done by starving and by the use of an alkaline car- 
bonate. 

They also indicate bow purely local this destructive action may be. 
Gelatine cultures from these animals showed that the internal organs 
contained but very few bacteria. So few were they in fact that the 
microscope alone could not have demonstrated their presence in the 
spleen. 

In addition to the cases given, equally positive results were obtained 
at four different times by the feeding of i)ure cultures. Some of these 
results have been mentioned in other places (see page 207 of the Report of 
Bureau of Animal Industry for 1885), It was also found that small 
quantities up to 100 cubic centimeters (| pint) may be fed to most pigs 
without obtaining any fatal results. Sometimes the fed animal becomes 
very sick, but recovers ; sometimes no disturbance whatever is pro- 
duced. 

These experiments prove conclusively the causal relation between 
the bacilli of hog cholera and the disease so called. They show that 
pigs fed with nothing but sterile beef infusion, to which the minutest 
speck of growth from a hog cholera culture was added and in which the 
bacilli thus introduced were allowed to multiply for one or more days, 
were destroyed by a disease identical with hog cholera, but far more 
rapid in its course and more severe in its manifestations. 

SUBCUTANEOUS INOCULATION. 

Subcutaneous inoculation with hog cholera bacilli from cultures is 
successful in only a small percentage ot* cases, except when these germs 
are unusually virulent. In the report for 1885 several cases of success- 
ful inoculation are given, among which the following deserve to be 
briefly quoted : 

* 

November 27, 1885.— Two pigs (Nos. 112, 114) were inoculated sub- 
cutaneously into the thigh with 3 cubic centimeters each of a pure liquid 
culture. No. 114 died nine days after inocnlation. The superficial ingui- 
nal glands were swollen, with hemorrhagic points in medulla. Spleen en- 
larged, dark. Extravasations on auricular appendages of heart. Lungs 
cedematous; bronchial glands enlarged, dark red throughout (hemor- 
rhagic). Glands of abdomen in general hemorrhagic, except those of 
mesentery ; petecchise under serosa of caecum. Kidneys with glomeruli 
appearing as blood-red points, the entire organ congested. Mucosa of 
fundus of stomach, lowest portion of ileum, and of the caecum and colon 
steeply reddened with slight extravasation. Cover-glass preparations as 
well as cultivations in gelatine and beef infusion revealed hog cholera 
bacilli, and these only. 

No. 112 died on the 15th day. Diarrhea appeared two days before 
death. The lesions in this animal resembled those of No. 1 14, with the 
i'ollowing differences: Spleen very large, dark, friable. Kidneys less 
congested. Lungs with minute hemorrhages throughout the paren- 
cbyraa. Ecchymoses beneath the endocardium of left ventricle. Lym- 
phatics and digestive tract even more congested and hemorrhagic than 
in No. 114. 



110 

Tbe success of tbesc inocalatioDS among numerous failures in subse- 
quent trials must be ascribed to tbe exceptionally virulent disease of 
that year, for no cases have been observed since which died so sud- 
denly and i)resented such severe hemorrhagic lesions of tbe various 
vital organs. 

The following experiments, made with blood taken from tlie heart of 
swine affected with hog cholera and killed for tbe purpose, are taken 
from the report for 1886: 

September 10. — A pig dying with the disease was killed, the heart care- 
fully exposed, and the blood drawn with a disinfected hypodermic 
syringe. Nos. 329 and 333 received subcutaneously 5 cubic centimeters 
each, one-half in each thigh. No. 329 in a few days lost its appetite, be- 
came weak and stupid. Found dead October Fj, Slight local swelling at 
the points of inoculation ; superficial inguinals greatly enlarged; hypo- 
static congestion of lungs; complete necrosis of mucous membrane in 
C8BCum; large scattered ulcers in colon, showing as whitish patches on 
serous surface and encircled by a crown of enlarged blood vessels ; bac- 
teria in spleen. 

No. 333. Slightly ill for a time ; fully recovered ; died December 2, 
with no other lesions than engorgement of liver; no signs of former ul- 
ceration. 

A second experiment was made in the same way. 

October 13. — Nos. 324 and 325 inoculated as in the preceding experi- 
ment, 10 cubic centimeters of blood being used for each animal. No. 324 
was found dead November 1, after being off feed for a time ; deeply red- 
dened skin over caudal half of abdomen ; superficial lymphatics ex- 
tremely large and serously infiltrated; on section, hemorrhagic points; 
at point of inoculation the connective tissue is infiltrated ; 50 to 75 cubic 
centimeters clear amber serum in abdominal cavity ; papillae of kidneys 
deeply reddened ; slight congestion, but no ulceration in large intestine; 
lymphatics in general moderately tumefied and congested. 

No. 325 found dead October 29; reddening of skin as in 324; ex- 
travasation in connective tissue; spleen greatly enlarged, purplish;^ 
lymphatics of thorax and abdomen purplish — enlarged; petecchiae on ^ 
section of kidney and pelvis, also over entire surface of epicardium; 
lung tissue mottled both on surface and on section with pur[)le spots, 
due to blood extravasation into alveoli, so that it scarcel^^ floats ; mucous 
and serous surface of small intestine dotted with peteccbiae ; small hem- 
orrhages on the surface of the mucous membrane and into tbe submu- 
cous tissue of the csecum and upper colon ; ulceration beginning. 

On first thought we might be inclined to attribute these successful 
results to a greater virulence of the germs in the injected blood. This 
view needs further confirmation, how^ever. The injected blood coagu- 
lating in the connective tissue contains in it the bacteria, which are not 
only protected from the aggression of cellular elements, but have actu- 
ally a store of nourishment upon which they may live and multiply. 
No such advantages are presented to bacteria suspended in liquids 
which are readily absorbed, leaving them to the mercy of the tissues 
surrounding them. The local reaction in the above animals was very 
insignificant compared with that produced by liquid cultures. In order 
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to come to auy conclusion it would be desirable to add a few bacteria 
from cultures to fresh blood, and observe the relative virulence by sub- 
cutaneous inoculation. 

Elsewhere in this volume will he found a small number of successful 
inoculations with pure liquid cultures among a large number of unsuc- 
cessful ones. The inoculations were made for the purpose of determin- 
ing whether they would confer immunity. In reading over these ex- 
periments it will also be seen that such injections produce swellings 
varying from the size of a pea to a hen's egg. The tumor is developed 
in the subcutisand consists of a yellowish white, tough tissue, breaking 
down in the center into a grumous mass after a period of one or more 
months. 

In view of these facts we can not consider wounds or bites inflicted 
on the surface of the body a means of infection, excepting, perhaps, in 
epizootics of extieme virulence. Nor can we ascribe much influence to 
the stings of insects in inoculating the virus from one animal to another, 
as this would correspond to subcutaneous inoculations on a minute 
scale. Flies may, however, infect food in various ways, to be dwelt 
upon in subsequent pages. 

INTRA- VENOUS INOCULATION. 

The injection of hog-cholera virus (from the spleen of a pig examined 
near the city of Baltimore, Md.) into the circulation was tried but once, 
and this trial was successful in producing a hemorrhagic septicaemia 
such as we frequently encounter in outbreaks of the disease, and which 
proved fatal in less than three days. 

November 12, 1888. — Pig No. 90, black and white, about five mouths old. 
The right crural vein was exposed by raising a triangular flap of skin 
over it after thoroughly disinfecting the latter with a one-fifth per cent, 
solution of mercuric chloride. Five cubic centimeters of a beef infusion 
peptone culture inoculated from an agar culture about a week old was 
injected into the exposed vein with a hypodermic syringe thoroughly dis- 
infected with 5 per cent, carbolic-acid. The liquid culture was two days 
old when used. Two hours after the inoculation the temperature had 
risen from 103| F. to 107^. November 13 there was no swelling, but a 
slight serous oozing at the place of inoculation. The appetite was good. 
November 14, at 3 p. m., the temperature was 107f . The animal was 
disinclined to move, although it came to eat in the morning and even- 
ing. November 15 it lay oh its side quietly, with occasional kicking. 
Found dead at 4 p. m. Autopsy held immediately. 

General blush on skin of ventral aspect, snout, and lips. No swell- 
ing at the point of inoculation; slight blood extravasation. Spleen en- 
ormously enlarged, 14 inches long, 2 to 3 inches wide, and one-half 
to 1 inch thick, gorged with dark blood, and friable. Superficial in- 
guinals enlarged, oedematous; on section diffuse pale red spots ; cortex 
congested. Bronchial and renal glands enlarged, partly hemorrhagic, 
gastric glands hemorrhagic throughout substance. The blood is thick, 
dark colored, coagulation slight, even after several hours' exposure to 
the air. Several petecchise on epicardium of right auricle. Eight side 
of heart distended with blood ; in it a small white clot. Left side 
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contracted, empty. Luugs normal, excepting one-tbird of left ventral 
lobe, which is collapsed. Kidneys enlarged, deeply congested through- 
out. The surface is thickly dotted with minute deep red points. The 
papillae so deeply reddened that any extravasations would be unrecog- 
nizable. A few petecchiai in pelvis. Bladder contains about 30 grams 
of urine tinged with blood. The whole mucosa of stomach is deeply 
congested. In fundus it is hemorrhagic with numerous patches of nec- 
rosed epithelium one-fourth to one-half inch across. 

The upper 8 inches of duodenum in the same condition as the fundus 
of stomach. Numerous red points scattered over mucosa of entire small 
intestine. In lower ileum a few hemorrhagic points. The mucosa of 
caecum and upper colon very slightly congested, but the remaining two 
thirds intensely so. Hemorrhage here and there sufficient to stain the 
feces with blood which were otherwise normal. The mesenteric and 
mesocolic glands all deeply congested throughout their substance. 

Cover glass preparations from spleen pulp showed a large number of 
hog cholera bacteria. Cultures from the same revealed the presence of 
the same organisms only. 

INFECTION BY WAY OF THE LUNGS. 

It has been maintained by some observers that infection may take 
place through the lungs. Bacteria dried and carried about with the 
dust are supposed to be deposited in the lung tissue by the inspired 
air. It is of considerable importance to determine whether germs car- 
ried by currents of wind can in this way produce an outbreak at a dis- 
tance. There are two questions involved which must be dealt with 
separately in order to get as clear an idea as possible of this rather 
perplexing subject. (1) Do bacteria of hog cholera when inhaled pro- 
duce a disease which is similar to the disease described in these pages, 
L e., without extensive lung lesions ; and (2) do hog cholera bacteria pro- 
duce a specific disease of the lungs when there deposited just as they 
produce intestinal disease when swallowed? The first question, whethii J 
the lungs may be considered an entrance of the virus when in the dried 
condition, is one for which not sufficient proof is at present forthconi 
ing. Several experiments have been jnade at the experiment station 
to produce the disease by spraying pigs in a tight box with liquids con- 
taining hog cholera bacteria and by injecting them suspended in liquids 
into the trachea. In no instance was the disease produced. Several 
times bacteria were injected through the walls of the thorax into the 
pleural cavity and lung tissue without any result, excepting in two in 
stances given on page 55, In one animal there was some pleuritis but no 
pneumonia. On the other hand the large intestine in this anim.il was 
severelv diseased as in natural infection. In the other animal death 
occurred 8eve7i months after inoculation. The lung disease was niosfc 
likely the comb'ned effect of lung worms and the mechanical injury re- 
sulting from the inoculation. 

If we must conclude, therefore, that animals are but rarely infected 
through healthy lungs, it is still less likely that these bacilli produce 
quite uniformly disease of the lungs, as has I eeu assumed by other ob- 
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servers without adequate proof. In the notes of the outbreak given on 
page 54, this subject has been prett^^ thoroughly discussed in the lig!it 
of evidence furnished by bacteriological tests. The results there reached 
may be briefly summarized that lung disease or pneumonia of a severe 
character is not often found in hog cholera. The slight broncho-pneu- 
monia frequently met with is most probably due to catarrhal conditions 
and to the aspiration of foreign bodies. There is, however, this very dis- 
eased condition of the lungs which may favor infection through them. 
When there are present foci of broncho pneumonia, hog cholera bacteria 
inhaled may lodge there, multiply in the secretion of the smaller bronchi, 
and cause an extension of the disease not possible in healthy lungs. 
From there they may be coughed up and swallowed, carried into the 
large intestine, where they exert their most destructive activity. In 
this sense the lungs may become the entrance of the virus, but only 
when previously diseased. In the examination of such diseased lobules 
of the lungs, in the outbreak referred to, hog cholera bacteriarwere found 
in almost every case. In these cases it is difficult to decide whether 
they entered the diseased lobule from without by way of the bronchi — 
t. e., with the air inspired — or whether they were deposited there by the 
circulating blood. 

The question of the relation of lung disease to hog cholera has been 
complicated by the existence of an infectious pneumonia in swine, which 
we have called swine plague. This disease, which will be treated of 
iu a special publication, appears over a large i)art of our country at 
times in virulent epizootics. It is caused by a widely distributeil septic 
organism, and appears occasionally in swine suftering from hog cholera, 
lu a number of such cases both disease germs have been obtained from 
the same animal. 

We do not exclude infection through the lungs as improbable in hog 
cholera, especially in epizootics characterized by more than usual viru- 
lence. At the same time long experience at the experiment station has 
shown that swine do not become infected in j)en8 only a few hundred 
feet away from pens full of sick and dying animals. Currents of air 
can thus have but little power in distributing germs capable of inducing 
the disease. 

SOME OBSERVATIONS ON THE PATHOLOGICAL ACTION OF HOG- 
CHOLERA BACTERIA. 

We have frequently recurred to the fact that the intestinal tract seems 
to suffer more or less exclusively in hog cholera. The changes there 
produced belong chiefly to the necrotic and ulcerativ.i type, combined 
with a variable amount of neoplastic growth in tlie bottom of the ulcer. 
In connection with this work it has been impossible to make any ex- 
tended observations on the genesis of these ulcers owing to the exactioni5 
of other work. Whatever may be suggested here must be regarded 
dimply in the light of inferences from lesions a« they were observtd 
postmortem. 

15613 H C 8 
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Tlie ulcers are produced in most cases by a process beginniDg at tlie 
surface of the mucosa. This is shown very well by sections of ulcers 
in which only a portion of the tubular glands have been necrosed. 
What this process is must be left an open questiou. It seems very 
probable that the bacilli invade the tubules and blood vessels of the 
mucosa, by their rapid multiplication plug the latter, and cause a coagu- 
lation necrosis of the most superficial portion of the membrane. The 
various bacteria present in the intestine then complete the breaking 
down of the membrane, and an ulcer is formed. Ulcers may, however^ 
bo formed by bacteria carried thither by the blood, for ulcers are pres- 
ent in those animals upon which subcutaneous inoculation has been 
practiced (p. 110). In these cases the plugs or infectious emboli are 
situated probably in the submucosa. The resulting ulcer is deeper and 
more extensive. 

The formation of plugs or thrombi is confirmed by inoculations in 
rabbits (p. G9). The process of coagulation necrosis, as the result of 
plugs in the capillaries of the liver, may be seen in almost every case. 
Microscopic examination likewise reveals their growth in masses in the 
internal organs. 

The nature of the hemorrhagic k sions so frequently observed in hog 
cholera demands some attention. The rupture of minute and some- 
times larger blood vessels is no doubt due to the same process of throm- 
bosis and embolism in which the thrombi and emboli may be made up 
more or less entirely of bacteria. Whether these plugs have a directly 
dt'Structive action (necrosis) ni)on the delicate vascular wall so as to 
produce rupture and extravasation, as has been suggested in former 
rex^orts, or whether the action is merely mechanical, or whether both 
causes are at work, it would be impossible to say. Aft all events these 
hemonhages are frequently the precursors of ulcers in the intestine, 
and in some cases the only lesions which were observed were hemor- 
rhages fioni large and small vessels. We may picture to ourselves the 
process, beginning, in most cases, with local ulceration in the large in- 
testine (caecum). The bacilli may be carried thence through injured 
vessels into other parts of the body, and to other portions of the in- 
testine, where fresh ulcers may appear 5 or the bacilli may be carried 
onward from the first ulcers to portions of the intestine lower down, 
where they again attack the mucous membrane. 

In many cases the quantity of virus introduced into the digestive 
tract is so great — as when pure cultures of hog cholera bacilli are fed— 
that destruction of the mucous membrane goes on at the same time 
throughout the caecum and colon, becoming less severe as the rectum is 
approached. The paralysis of the large intestine may cause extensive 
necrosis of the ileum. In these cases the action of the bacilli is purely 
superficial at first, penetrating deeper and finally reducing the entire 
ivall to a friable mass, greatly swollen by the infiltration of leucocytes. 
In such feeding experiments we may also observe grades of lesions as 
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we go away from the valve iu the ileum and iu the colou. Instead of 
the conversion of the mucosa into a thickened, discolored, and roughened 
membrane, an amorphous, dirty grayish exudate may be found on it. 
The destruction, going on very slowly, causes a reactive inflammation, 
manifested by the exudate. 

The g:enesis of the intestinal lesions in the rabbit is somewhat differ- 
ent. They appear quite late in the disease as a result of the discharge 
of bacilli from the necrotic foci of the liver tissue into the bile duct. 
They are limited to the duodenum and large intestine, and are especially 
severe in the latter, forming there peculiar haematomata or blood tu- 
mors, accompanied with a fibrinous exudate. The same lesions are 
obtained by feeding cultures. In view of this localization in the rabbit 
and pig we must admit that hog-cholera bacilli exert their primary 
action where they are retained for a considerable time by the feces, 
and thus have, an opportunity of multiplying before they attack the 
mucous membrane. 

The size of the spleen, sometimes enormous, seems to stand in no 
direct relation to the number of bacilli present. Sometimes a very 
highly congested spleen harbors only the average number of germs. 

The presence of hog cholera bacilli in the lung lesions met with in a 
small percentage of cases has already been dwelt upon (p. 5Ir). The 
lesions themselves show nothing characteristic. They are usually re- 
stricted to the most dependent lobe, the ventral on one or both sides, 
and to the writer they simply indicate a i)roneness of catarrhal inflam- 
mation in young pigs, due, no doubt, to the aspiration of food and dirt, 
consequent occlusion of bronchi, atelectasis, and broncho pneumonia. 
The hog cholera bacilli which may be found here in most cases are present 
for the same reason that they are found in the spleen. Circulating in 
the blood, they find the contents of the diseased and plugged nir tubes 
and alveoli a very suitable medium for multiplication. In this way they 
may add to the irritation and cause extension of the disease. 

Itsecms pretty certain that the chief damagedoneby hog cholera bacilli 
lies in their power to grow in plugs in the small vessels. The simple 
reason why we have such severe lesions in the intestinal tract, although 
the bacilli are present in small numbers in the internal organs also, lies 
ill the anatomical nature of mucous membranes in general and their 
exposed situation with reference to putrefactive processes. 

If the obscure action of these bacilli on cells and cell-life could be 
formulated at all, in the present state of our knowledge the writer 
would assume: 1. That they exercise a more mechanical influence by 
thrombosis, which leads, in the mucous membranes, to circumscribed 
necrosis. Death occurs not by the direct poisonous action of ptomaines, 
but from secondary causes, such as changes in the liver, septic infec- 
tion. 2. In acute cases the bacilli possess a greater power of invading 
the circulation. There they multiply rapidly enough to cause rupture 
of blood vessels in all the vital organs. Death may occur in these cases 
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by a x)toinainc poisoning of tbc nerve centers due to the large number 
of bacilli in the blood, or tbe loss of so much blood drawn from tbe 
circulation, or, what is more probable, by hemorrhages in the substance 
of the central nervous system. Whether this greater ability to invade 
the vital organs dei)ends upon the production of a more poisonous pto- 
maine, which paralyzes opposing forces, or to other physiological prop- 
erties, belongs to the future for solution. 

Concerning the variation in the destructive nature of hog cholera 
bacilli little that is positive can be said. We have observed, for instance, 
that the disease dies out after a time in a herd, very frequently because 
there are no more animals left, or because the few that have survived 
have been exposed in such a way as to acquire immunity. But it has 
also been observed at the experiment station that the disease may dis- 
appear, even when fresh animals are exposed to it from time to time. 
The decline in virulence may be due to the particular season with its 
frosts or droughts, and other meteorological changes, or it may be due 
to a gradual weakening of the virus as it passes through the system of 
the exposed swine. We have observed several times that when a series 
of animals are fed with infected viscera, each from the one preceding it, 
the earlier ones of the series will develop the most severe disease. The 
later ones are affected by a more chronic malady, and Anally a point is 
reached when no disease is produced. In such an experiment self-inoc- 
ulation or vaccination must be eliminated, as the animals are not exposed 
previous to the feeding. But aside from this gradual dying out of par- 
ticular epizootics, we have noticed a difference in the outbreaks them- 
selves from year to year. In some the acute, hemorrhagic type would 
prevail, in others a more chronic ulcerative type. Such differences are 
most likely due to modifications of the disease germ itself, although here 
also it is difficult to eliminate differences in the animals due to race, 
feeding, gleanliness, etc., and differences due to the time of the year. 
As regards the manifestation of differences in the bacteria themselves 
none can bo formulated. 

BACTERIOLOGICAL INVESTIGATIONS OF HOG CHOLERA IN NEBEASKA, 

ILLINOIS, AND MARYLAND. 

The facts which have been gathered concerning the bacillus of hog 
cholera were obtained chiefly from epizootics occurring in the District 
of Columbia. The advantages of a bacteriological laboratory con- 
nected with the Bureau made investigations iiossible which could not 
be made in the field. It was, however, necessary to confirm the results 
already obtained by investigations elsewhere. These have led to the 
discovery of the same bacillus in Nebraska and subsequently in Illi- 
nois, thus identifying the disease in widely-separated localities. 

Nebraska. — In March, 1886, the bacillus of hog cholera was isolated 
from one of ten spleens sent from Kansas and Nebraska. Though care- 
fully removed by the inspector and placed in sterilized bottles jdugged 
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with cotton wool, iiouo camo iu good condition, owing to the long delay 
on the road. Small bits of spleen were x)laced under the skin of a num- 
ber of mice. Two which had been inoculated from the same spleen 
died of hog cholera. These exi)eriments are reported in full in the Third 
Annual Report of the Bureau, and therefore need onl}'^ to be summarized 
in this place. The bacillus obtained in a pure condition from these mice 
was carefully tested upon other mice, upon rabbits, and upon pigeons. 
The pathogenic effect was the same as that of the bacillus from eastern 
outbreaks. It was, however, readily observed that the Nebraska ba- 
cillus was less virulent, as it did not kill guinea pigs. A number of 
iuoculation and feeding experiments were made upon pigs in order to 
produce the disease. All but two failed to show any disease. These 
two, fed with liquid cultures, were made ill, and one very sick was killed 
on the ninth day after feeding. The large intestine showed intense 
congestion, vith a few patches of adiptheritic membrane in the caecum. 
No bacteria were obtained in cultures from the internal organs. This 
experiment, which was not very satisfactory, was repeated by feeding 
a larger quantitj' of culture liquid. The result was entirely satisfactory, 
as the following description of the experiment will show. Moreover, 
t!ie feeding took pla^e nearly nine months after the microbe had been 
obtained originally from the spleen. During this time it had been cul- 
tivated in various media, passed through mice and rabbits, so that no 
trace of any spleen substance or foreign material could have been pres- 
ent in the culture liquid which was fed. The result also indicates that 
the pathogenic power of the bacillus was in great part retained during 
this time. 

A flask containing between 500 and 600 cubic centimeters of sterile 
beef infusion was inoculated from a culture (rabbit), and after standing 
six days in the incubator the entire amount was given to a pig which 
had not been fed for thirty six hours. The culture liquid was covered 
with a thin membrane, and on microscopic examination contained only 
the motile bacillus. The animal became dull and weak, eating little. 
The bowels were loose on the fourth day. On the fifth it was unable 
to rise, and on the sixth it was found dead. The autopsy notes are 
briefly as follows : 

In the abdominal cavity several hundred cubic centimeters of a red- 
dish serum, a thin translucent exudate covering the peritoneum of the 
intestine, which is diffusely reddened. Between the layers of the mesen- 
tery, along the line of attachment to small intestine, an abundant trans- 
lucent gelatinous exudate. Spleen very dark on section ; the surface 
dotted with elevated points of extravasaled blood. Liver congested, 
liungs normal, with exception of a few lobules, which are simply col- 
lapsed. 

Almost the entire digestive tract was found Involved. Around the 
cardiac orifice of the stomach a zone of mucous membrane about 2 
inches in width was covered with whitish dii)htheritic patches. Isolated 
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ulcers in duodenum. About G or 7 feet of tlie lower portion of tlie 
small intestine very much thickened, tlie mucous membrane covered 
>Yitli a tbin sheet of necrosed tissue, whitish, brittle. The caecum and 
portion of the colon greatly thickened and covered with a thick layer 
of necrosed tissue very rough and brownish. Near rectum necrosis 
gives way to closely set, isolated, roundish diphtheritic elevations of a 
whitish color, which leave a raw surface when scraped away. 

These lesions were, therefore, as intense as any j^roduced by feeding 
pure cultures of hog cholera bacteria obtained from the East. The spe- 
cific identity of the two bacteria from Nebraska and the East was thus 
completely established. 

In the liver and spleen the bacteria were few, for a cover glass prep- 
aration from each organ did not show any after some searching. Liquid 
cultures from the blood (heart), spleen, and liver were turbid on the 
following day, and all contained the motile bacillus. Within four days 
comi)lete membranes had formed on the surface. That the bacteria 
were very few in blood from the heart was indicated by a gelatine tube 
which had been inoculated several times with a platinum wire dipped in 
blood ', no colonies were visible on the fourth day. Of three liquid 
cultures, each inoculated with a loop of blood, two remained sterile. It 
was presumed that the liver would contain the largest number, inas- 
much as the portal circulation received its blood from the seat of the 
disease. This assumption was confirmed by the very abundant colonies 
surrounding a piece of liver tissue which had been dropped into a tube 
of nutrient gelatine. 

In order to make certain of the pathogenic powers of the cultures 
obtained from this case of feeding the tube culture from the liver was 
used to infect two rabbits. The skin on the inner aspect of one thigh 
was carefully shorn and disinfected with .1 per cent, corrosive sublimate. 
An incision was made through the skin, and with a loop dipped in the 
surface growth of the culture a minute quantity was introduced into this 
pocket. The larger of the two rabbits was found dead on the fifth 
day. The lesions were briefly as follows: 

Slight amount of pus at the place of inoculation. Neighboring ingui- 
nal glands enlarged and infiltrated with blood. Surrounding vessels 
much injected and very tortuous. Liver very friable, spleen dark and 
enlarged; both dotted with points and stellate spots of coagulation 
necrosis, especially numerous on the caudal surface of the liver. Both 
organs contained the bacteria of hog cholera in large numbers. Lungs 
hypostatic. A small number of ecehymoses beneath pleura; very few 
bacteria in kidneys and heart's blood. 

The second rabbit was found dead on the sixth day. The lesions 
were the same, if we except the more pronounced coagulation-necro- 
sis in the liver and its absence in the spleen. The bacteria of hog 
cholera were distributed as above; very abundant in spleen and liver ; 
lungs normal. 
Gelatine tube cultures from spleen and liver of these rabbits confirmed 
e microscopic examination. Liquid cultures from the blood contained 
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the motile bacteria, which had formed a brittle surface membrane on 
the second day. 

Differential characters of the hog cholera bacillus from Nebrasica, — The 
bacillus when stained on cover-glass preparations from the spleen and 
other A-iscera, closely resembles the one found in the disease prevalent 
in the East, so that it is impossible to distinguish them in this way. 

A few minor differences revealed in the various culture media indi- 
cated, however, that the two microbes were not alike in every way, and 
brought up the very interesting question of the variation of species 
of bacteria and the influence of such variation on the severity of epi- 
demics. 

The most noteworthy difference was observed in liquid cultures. 
Within twenty-four hours after inoculation from the spleen or blood the 
culture liquid became turbid, and upon its surface a complete membrane 
was present in nearly every case. This whitish membrane is not homo* 
geneous, but made up of patches of varying thickness, and when shaken 
slowly settles to the bottom in lumps and flocculi. The microbe of 
Eastern outbreaks does not form a membrane within several days after 
inoculation, and then only when the tube remains perfectly quiet. It 
appears as a whitish ring attached to the glass. 

In other respects the two microbes ditfered so little that no mention 
weed be made of these differences here. We have, therefore, only the 
membrane 'on liquid cultures and a slightly diminished virulence, by 
which the bacilli from Nebraska were distinguishable from those ob- 
tained from Eastern epizootics. Both of these characters are variable 
ones. The membrane can be produced in part by cultivating the East- 
ern germ for a long time at a high temperature. The variation in vir- 
ulence is observable during the course of almost every epizootic. 

Illinois. — From the spleen of an animal affected with hog cholera the 
specific bacillus was obtained during some investigations conducted in 
this State in the summer of 1886. The bacillus presented no differnces 
whatever from the one obtained in Eastern outbreaks. Its effect upon 
rabbits acd mice was precisely the same. Its fatal eff'ects when fed to 
a pig is well illustrated by the following experiment : 

A pig was kept without food for over twenty -four hours. A 2J per 
cent, solution of sodium carbonate in meat broth was then given to 
it. Of this itconsumed aboutone liter, taking thus about25 grams of the 
salt. It was then fed with about50cubic centimeters of gelatinecultures 
and 100 cubic centimeters of liquid cultures of the hog cholera bacillus 
obtained from rabbits which had succumbed to inoculation and from the 
original gelatine culture of the spleen made in Champaign County, 
III. The animal was found dead December 4, scarcely three days af- 
ter feeding. This was the briefest period of illness thus f'<\v observed. 
The lesions were very pronounced. Pyramids of kidneys deep red 
throughout; glomeruli visible as dark points. Lungs pale, not fully 
collapsed. Right heart filled with semi-coagulated blood. Liver gorged 
with blood. Mucosa of stomach intensely reddened, especially along 
fondus, and covered with a thick layer of tenacious mucus. Mucous 
membrane of ileum similarly affected. Peyer's patches exceedingly 
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dark red, Bhowing through serons coat. When viewed from the mn- 
COII8 Kiuface the elevated border gives each a slightly concave boat- 
shaped appearance. The colon also deeply congested, almost hemor- 
rhagic in patches, filled with a small quantity of semi-liqnid feces. The 
rectum still filled with consistent masses. The mesenteric glands con- 
gested. 

The feeding bad thns produced a very severe inflammation of the 
digestive tract. The diagnosis was further confirmed by obtaining pure 
liquid cultures from the spleen, the liver,and bloodfrom the heart. The 
bacteria were not sufficiently numerous in these organs to be detected 
by the microscope. To make sure that the carbonate of soda had no 
ciuTosive effect, another animal was treated precisely in the same way 
by starving and feeding a solution of the salt. INo ill effects whatever 
were manifested. 

In order to test the specific pathogeniccharacter of the bacillus obtained 
from this animal a large rabbit was inoculated subcntaneously with about 
one-eight cubic centimeters of a liquid culture from the blood. On the 
sixth day the rabbit was lying on its side; abdominal breathing very 
labored. It was found dead on the next daj'. Slight thickening of the 
subcutaneous tissue and fascia covering the thigh muscles at the point 
of inoculation. The muscular tissue covered with minute ecchymoses 
around the infiltrated patch. Small quantity of serum in the peritoneal 
cavity. Spleen very large, blackish, exceedingly friable, and crowded 
with bacteria. Liver enlarged; interlobular tissue pale; the entire 
parencliyma very soft and brittle. Dotting both surfaces of all the 
lobes are small, grayish-white patches, involving one, two, or three, 
rarely more, acini, and bounded very sharply by the acini themselves. 
I'eeuliar figures are thus formed, three contiguous ones giving the 
l)atch a clover-leaf appearance. On section they are found to extend 
to the dei)th of one or several acini into the parenchyma. The great ma- 
jority of these masses ot coagulation necrosis involve lobules on or near 
the surface. Only a few are in the depths of the organ. When such a 
whitish uiass is spread on a cover-glass and stained innumerable bac- 
teria of liog cholera make their appearance. The rest of the tissue is 
likewii»e crowded with them. Beneath the pulmonary pleura are large 
l>urplish patches of extravasation, which on section extend deeply into 
the parencliyma. The lung tissue is in general congested. Blood from 
the heart contained very few bacteria. No cultures were made. 

Maryland, — During September and October, 1888, an epizootic of hog 
cholera was started at the experiment station by a sick pig brought 
from near the city of Baltimore, Md. The hog cholera bacillus had been 
previously obtained from the spleens of two animals killed at Balti- 
more. At least twent^^, which had been either simply exposed in pens 
or fed with the viscera of dead animals, succumbed to the disease. In 
all cases pure cultures of the specific bacillus were obtained directly 
from the spleen. Its effect upon rabbits and mice, its appearance and 
mode of growth, did not diff'er from the bacillus as described in the fore- 
going pages. 

RELATION OF HOa CHOLEEA TO THE PUBLIC HEALTH. 

The importance of knowing whether or not certain infectious animal 
diseases have any deleterious influence upon human health, or are the 
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direct cause of bunian disease, is Dot even second to the economic im- 
portance attaching to animal diseases. Tiiere are some animal diseases, 
such as glanders, tuberculosis, anthrax, and rabies, which are directly 
communicable to man. This Irausmissibility was known before the 
specific bacterial organisms of these diseases had been discovered. 
There are other animal diseases not proved to be transmissible to man, 
whose causes have only been definitely recognized within the past few 
years. As regards these it is quite pertinent to ask, in the light of 
present knowledge, whether they have any relation to human diseases. 
Animal diseases when communicated to man may become so changed in 
character as to be unrecognizable. Hence we must determine whether 
the specific micro organisms of animal diseases are found in human dis- 
eases or not; in other words, whether the causes are identical. During 
the course of these investigations .this problem has been constantly 
borne in mind. The question to be settled first has reference to the 
presence of hog cholera bacilli in human diseases. There are two mala- 
dies of mankind which resemble hog cholera in many respects — typhoid 
fever-and dysentery. 

Typhoid fever is an infectious disease of man, prevalent throughout 
the civilized world, while hog cholera is known to exist only in Korth 
America and the British Isles, and during last year it has been identi- 
fied on the continent of Europe. Hence there could be no close relation- 
ship between the two diseases, for they would naturally occur together 
if they were identical. But there is another leason for their non iden- 
tity; the micro-organisms which produce them arediflferent. Thus the 
typhoid fever bacillus is a longer rod than the hog cholera bacillus, its 
movement in liquids is more sluggish and of a somewhat different char, 
acter. Its growth on boiled potato is almost peculiar to itself. More- 
over, it has no pathogenic effect upon any animal thus far tried, and 
we know that the hog cholera bacillus is fatal to mice, rabbits, guinea, 
pigs, and pigeons after subcutaneous inoculation, and to pigs when fed 
to them. Hence there remains not the shadow^ of a doubt that genuine 
typhoid fever and hog cholera are distinct diseases. 

Ihey do, however, belong to the same general class of infectious 
diseases. In both, infection very likely occurs chiefly through the food 
and drink. In both the lesions are ulcerative in character, located in 
the pig in the upper portion of the large intestine, in man in the lower 
portion of the small intestine. It is true the ulceration may be the 
secondary stage of processes primarily different anatomically speaking, 
but we know as yet too little of the relative effect of irritants of the 
same kind, but of different intensity, to venture any positive statement. 
In both diseases the invasion of internal organs by the specific micro-or- 
ganisms takes place, so that they are readily obtained from the spleen, 
lu both they appear in clumps or colonies in the capillaries. There is 
also a general resemblance of the two organisms, both as regards their 
appearance, motility and growth in various media when we compare 
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them with the b<ieteria of other infectious diseases iu man and animals. 
We may therefore couclude that although these two diseases are en- 
tirely distiuct there exists a close relationship between them as to the 
cause, the manner of infection, and the type of disease. 

Hog cholera is allied to the disease or gronp of diseases known as 
dysentery even more closely than to typhoid fever. It resembles, per- 
haps, most nearly that form called epidemic dysentery. Of the causes of 
this disease very little is known. That the epidemic type is caused by 
microorganisms of some kind is now generally accepted, and it is also 
believed that there may be several distinct species of micro organisms 
which are capable of producing diphtheritic and ulcerative lesions of 
tbc large intestine.* Anatomically hog cholera and diphtheritic dys- 
entery are very much alike. The question whether hog cholera virus 
can ever produce a dysenteric afl'ection in man is not answered until we 
have learnt more of the causes of the latter disease. 

The danger, if any there be, of causing disease in man would only oc- 
cur upon farms where the opportunity is afforded for infection of food 
and water by the discharge of tliseased pigs. The preparation of pork 
by cooking is sufficient to destroy the bacilli if by any chance the flesh 
of diseased animals should get into the market. Experiments have 
shown that a temperature of 140° F. is sufficient for their certain de- 
struction. The temperature reached in boiling, roasting, etc., is of 
course much higher than this. 

In addition to these conclusions, which follow from the facts devel- 
oped by our experimentSj it may be said that with the thousands of 
post-mortem examinations made by ourselves and other investigators, 
there has not been a single case where the operator became infected. 
In several instances it has been recorded that fresh wounds upon the 
hands have been covered with virulent material during the examinations 
without producing any appreciable effect. And through all the years 
that this disease has prevailed so extensively in the United States there 
has not been a case reported where it has been shown on good evidence 
to have been transmitted to the human species. 

Notwithstanding these facts, however, we should expect, with the 
prevailing carelessness in disposing of the carcasses of swine iu many 
sections during such outbreaks, that there would be a more or less 
deleterious effect upon human health, not from the specific nature of 
the disease, but from the decomposing organic matter. Too often these 
carcasses are left to putrefy near dwellings, or are thrown into streams 
to contaminate them with decomposition products. Such practices are 
dangerous to the health of the community and should be prevented by 
the local sanitary officers. 

* Investigations of the Egyptian dysentery by Koch and Kartulis have shuwii that 
the cause is an organism belonging not to the class of bacteria, but to the protozoa, 
and assuming the form of an amceba. This is found in large numbers in the ulcerated 
walls of the intestine. 



PREVENTION OF HOG CHOLERA. 

ISOLATION, DISINFECTION, AND CLEANLINESS AS PREVENTIVE MEAS- 
URES. 

It is frequeotly necessary to apply preventive measures before infec- 
tious diseases have actually appeared in a berd. The disease may have 
appeared on a neighboring farm, and the problem then arises : How can 
the infection be previented from spreading to other farms? How can 
the surrounding farms keep the malady from their premises ? 

The sources and channels of infection are as follows, the most common 
and important being placed first : 

(a) Pigs purchased from infected herds, or coming in contact with those 
from infected farms^ or running over grounds occupied by diseased sicine 
within two or three months. 

{h) Infected streams may communicate the disease to herds below the 
source of infection, 

(c) Virus may be carried in feed, implements, and on the feet and cloth- 
ing of persons from infected herds and premises, 

{d) Winds, insects, birds {particularly buzzards), and various animals 
may transport hog cholera virus, 

{a) In regard to a, it may be said that no pigs should be purchased 
from any locality until one year after the death of the last case of chol- 
era. There are frequently near the end of an epizootic chronic cases 
which may live for three or four months without showing any distinc- 
tive signs of disease until they suddenly die. The post-mortem exam- 
ination usually reveals extensive ulceration of the large intestine. 
The disease may thus linger in a herd long after all danger has appar- 
ently subsided. By bringing any chronic capes in contact with hitherto 
unexposed healthy swine the disease may spring up anew, as a dying fire 
would when supplied with fresh fuel. Although our experiments have 
shown that the disease germs may all disappear from the soil in three or 
four months, the uncertainty of knowing whether there are any chronic 
cases continually adding fresh virus to the soil makes the period of one 
year not too long to avoid the introduction of unexposed pigs. It is 
advisable, in districts where hog cholera is very prevalent and is rarely 
absent for any length of time, for farmers to raise their own pigs and 
not trust to any animals from outside. In this way infection may 
be at least in part kept under control. When animals have been ob- 
tained from places which are not above suspicion they should not be 
brought in contact with swine already on the place, but quarantined as 

123 



124 

far as possible Irooi tbem and kept nnder careful observation for at 
least one mouth. 

(ft) Perhaps the most potent agents in the distribution of hog cholera 
are streams. They may become infected with the specific germs when 
sick animals are permitted to go into them or when dead animals or 
any part of them are thrown into the water. They may even multiply 
when the water is contaminated with fecal discharges or other organic 
matter. Experiments in the laboratory (p. 76) have demonstrated that 
hog cholera bacilli may remain alive in water for four months. Making 
all due allowance for external influences and competition with other 
bacteria in natural waters, we are forced to assume that they may live 
at least a mouth in streams. This would be time enough to infect every 
herd along its course. 

(c) Hog cholera germs are not immediately destroyed by drying. 
Laboratory experiments show that they may retain their vitality from 
two to four months. Hence it is not difficult to see how a person walk- 
ing on infected ground and among infected animals may carry ou his 
shoes and clothing dried germs of the disease to any neighboring herd. 
For the same reason hog cholera germs may be carried from infected 
grounds to others by feed, and by farming implements which have come 
in coninct with infected ground. 

(d) There is no reason to suppose that currents of air have much in- 
fluence in spreading the disease. Observations at the experiment sta- 
tion of the Bureau have left no doubt that healthy pigs may be kept on 
the same farm with diseased ones without becoming infected, provided 
the infection is not carried in feed and implements, or on the shoes and 
clothing of persons from the sick to the healthy. Moreover the disease 
is an intestinal malady, and all evidence points to infection through 
the food rather than through the air inspired. 

The agency of flies and other insects is perhaps equally limited when 
infection is to be carried from one place to another. Our experiments 
show very well that the sting or bite of an insect is not sufficient to pro- 
duce the disease. It is possible, however, that they may carry the 
virus from one place to another in the same yard. This will be dis- 
cussed more fully under another head. 

The agency of buzzards in distributing the disease in the Southern 
States seems probable, although there is no positive proof. These birds 
will readily consume carcasses of dead swine. If the hog cholera germs 
are not destroyed by digestion it is reasonable to assume that the feces 
contain the living germs, which may cause the disease to break out at 
some distant place. Of course, the remedy would be to immediately 
destroy or bury dead animals. 

There is some reason to believe that rats, dogs, and perhaps other 
small animals may carry the germs upon their feet or in their hair and 
thus infect premises. It is probable that the contagion is only rarely 
transported in this manner, but there are outbreaks the origin of which 
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it is difficult to explain otherwise. We may readily conceive, bear- 
ing in mind the facts enumerated above, how such animals might be- 
come contaminated with moist, semi-liquid, or liquid matters containing 
the germs, and that these substances drying upon the feet or hair would 
adhere for a considerable time. If an animal thus infected should go 
into uninfected lots occupied by swine and deposit there the smallest 
particle of the germ containing material, either in liquids standing in 
the feeding troughs or in moist organic matters suitable for the multi- 
plication of the microbes, an outbreak of the greatest virulence might 
be set up. The number of conditions which must coincide for the spread 
of the disease in this way probably accounts for the comparative rare- 
ness of this kind of infection. 

Granted, then, no communication between infected and uninfected 
farms, there still remains the danger of infected water-courses, upon 
which it is impossible to lay too much emphasis. In fact, if the disease 
exists anywhere along a stream all farms below that point are liable to 
infection unless use of the water in any form whatever is given up dur- 
ing the season. 

By paying particular attention to these points, there is no doubt that 
the disease can be warded ofif*, even when in the immediate neighbor- 
hood. Hog cholera is analogous to typhoid fever, dysentery, and Asiatic 
cholera in man in many particulars, and there is a quite unanimous 
opinion that these diseases are most commonly transmitted through 
drinking water. The same may be i)redicated of hog cholera, and the 
mysterious spread of this plague will no doubt frequently be understood 
by examining the water courses. 

When the disease is in the neighborhood it has been customary with 
some to feed swine on some so-called '' preventive'' medicine. These 
are frequently prepared or invented by individuals who have little, if 
any, knowledge of the action of medicines. The outcome is that the 
animals fed with these unknown compounds are not only not benefited, 
but their vitality is actually reduced, and when the disease appears it 
destroys the weakened animals much more easily. The writer has made 
postmortem examinations of several animals in the West where such 
preliminary' treatment was going on, and the peculiar changes of the 
internal organs, not like any known disease, could only be referred to 
the action of such preparations. It must be remembered that there are 
few medicines which are not injurious or poisonous in largo doses- 
They shonld not be used thus excepting under 8i)ecial conditions, and 
only given as recommended by those who have been trained to know 
the peculiar value and effect of drugs. 

The condition of the animals themselves is of great importance in 
Tavoring or preventing infection. When pigs are fed with liquids in 
which the specific bacilli only are present, those that have been de- 
prived of food for some time previous take the disease, wliile those 
"•vhose stomachs contain food that is undergoing digestion do not take it 
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readily. If, besitl^B starving tbe animals, they are fed with some alka- 
line fiohition, by which the alkalinity of the stomach is increased, the pa- 
thogenic effect is still more pronounced. Any disorder of digestion by 
which the secretion of gastric juice is diminished or checked and the 
mucus is increased in quantity will increase the susceptibility of tbe 
animal to infection, because the alkalinity of the mucus will favor 
rather than destroy the virus. Any mode of feeding which produces 
constipation and overdistension of the large intestine is likely to favor 
the disease, as the virus is retained for a longer time. During epizootics, 
therefore, besides the preventive measures suggested, the animals 
should be carefully fed upon food which tends to keep the bowels open 
and the feces soft, and which does not interfere with normal digestion. 

When there is a suspicion that a herd has been infected, although 
the disease has not yet appeared, disinfection, and all the rules laid 
down below (p. 130) should be carried out with great care, as if the dis- 
ease were actually present. 

When hog cholera has appeared in a herd or on a farm, precautions 
should be t.iken for two reasons: (1) To prevent the virus from being 
carried to other farms and infect other herds. (2) To i)revent the loss 
of the entire herd, or, if this is not possible, to stamp out the disease in 
such a way that the ground shall not infect healthy animals subse- 
quently. 

The rules under the first head should be prescribed by law to protect 
property from the consequences of the carelessness or the willfulness 
of those who refuse to take proper precautions. They may be summar- 
ized as follows : 

{a) The dead animals should be immediately disposed of^ either by burial 
or by burning, or if they are taJcen to some rendering establishment their 
transportation should be governed by well-defined rules which will prevent 
the dissemination of virus on roads, in wagons, cars, etc, 

(b) Streams should be carefully protected from pollution, 

{c) No animals should be removed from any infected herd or locality to 
another free from the disease for at least six months after the last case of 
disease, 

(a) The proper disposal of dead animals is a matter of great impor- 
tance, for the bodies not only contain the germs of the disease, but the 
latter will multiply enormously during summer heat in the internal or- 
gans after life has been extinguished. Each dead body must therefore 
be regarded as a focus of the disease unless properly disposed of. It 
may be buried. In such case it must be so deep that no animal can get 
at it. It should be covered by a layer of powdered or slaked lime sev- 
eral inches thick, and the ground over fhe body likewise sprinkled with 
a thin layer of the same. If the carcasses are burnt, care should be 
taken that any parts not consumed are buried as directed. If they are 
carried away some distance to rendering establishments, at best a dan- 
gerous pocedure, emplo;^es of such establishments should be compelled 
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to wrap around the carcasses impervious clotbs wetted with a 2 per cent, 
solution of carbolic acid, so as to protect the roads from the virnlent 
drippings. 

{b) The danger from infected streams has already been mentioned at 
length. These must be protected by law in such a way that no sick ani 
mals should beallowed to go near them, and that no carcasses be thrown 
into them or deposited where drainage may carry the virus from tbo 
body into the water. Nor should the drainage from pons be permitted 
to flow into them. 

(c) Hogs are frequently affected with cholera of a mild form, which 
lasts for several months before some form- of septic infection or degen- 
erative changes in the internal organs produce death ; hence it is im- 
portant to insist upon knowing when the last case of diseae^e occurred. 
Since it has been demonstrated that hog cholera germs may remain 
alive in the soil from three to four months, this rule will not appear un- 
reasonable as a safeguard. 

These rules will be sufficient, if properly executed, to confine the 
disease within narrow limits. Tbere is no doubt that hog cholera virus 
dies out over the greater part of our country after epizootics have swept 
over it. We have no reason to bfelieve that it can survive in tbe soil 
from one end of the year to the other. It is, in fact, highly probable 
that it is transported and distributed from a few places where, for some 
reason, cases have occurred throughout the year and have thus kept 
the virus alive. There are no experiments on record which show that 
the hog cholera germ may be found in the soil and water independent 
of the disease. It has been looked for, but has never been found, ex- 
cepting in the body or discharges of diseased swine. 

In view of the fact that the disease can be kept under control, tbe 
legislatures of those States which suffer most severely from this plague 
should take steps to enact rules similar to those formulated above. 
The States of Kansas and Nebraska have on their statute-books laws 
of this character, which read as follows:. 

AN ACT to prevent the spread of disease among swine. 

Be it enacted hy the legislature of the State of Kansas, It is hereby made the duty of 
every person who owns or who has the control of auy hog that has died of any dis- 
ease to bury or burn the same within twenty-four hours after such hog has died, and 
any person who knowingly fails or refuses to comply with the provisions of tliis sec- 
tion shall be deemed guilty of a misdemeanor, and upon conviction thereof shall be 
fined not exceeding one hundred dollars. 

Sec. 2. Whoever shall knowingly barter or sell auy hog afflicted with any disease 
without giving full information concerning said disease shall be deemed guilty of a 
niisdemeanor, and upon conviction thereof shall be fined not exceeding one hundred 
tlullars. 

Sec. 3. Whoever shall knowingly barter or sell any hog which has died of any dis- 
ease shall be deemed guilty of a misdemeanor, and upon conviction thereof shall be 
fined not exceeding one hundred dollars. 

Sec. 4. Whoever shall throw or deposit a dead hog in any river, stream, creek, or 
ravine shall be deemed guilty of a misdemeanor, and upon conviction thereof shall 
\}Q fined not exceeding one hundred dollars. 
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AN ACT to prevent ibe spread of ho;; cholera and other kindred diseases, and prevent traffic in an- 
imals dying from infoetious or other diseases. 

Be it enacted by the legislature of the Slate of Nebraska, That it shall bo the duty of 
the owners of swine or other domestic aniraals (lying from cholera or other diseasf^s, 
within twenty-four hours after their death, to cause the carcasses of such animals to 
be suitably buried or burned up on the premises owned or occupied by sacli person. 

Sec. 2. If the owner of any swine or other domestic animals dying from cholera or 
other disease, or any other person, shall dell or dispose of the carcass of such swine or 
other domestic animals, to any person for the purpose of manufacturing the same into 
soap or rendering the same into lard, or for other purposes, or if any person shall bny 
or otherwise obtain the carcass of any swine or other domestic animals, dying from 
cholera or other disease, for manufacturing purposes as aforesaid, or any other pur- 
pose except that of burial or burning, as provided in the preceding section, every 
such person shall upon conviction be fined in any sum not less than twenty-five dol- 
lars nor more than one hundred dollars, or be imprisoned not exceeding six months. 

Sec. 3. Whereas an emergency exists, this act shall be in force and take effect from 
and. after its passage. 

Approved, March 4, 1885. 

These laws, although not sufficiently explicit, touch upon the most 
important points, and are important movements in the right direction. 
We would suggest lawsembodyiug the three heads in their entirety as 
given above under a, &, and c, together with directions for their proper 
execution. The disease, spreading so easily and rapidly, requires great 
promptness of action and quite diflfereiit rules from those which must be 
adopted in the suppression of glanders or tuberculosis, for example. 
The difiference is due to the nature of the specific microbe, so unlike 
those causing the two diseases mentioned. 

It is not strange that so little attention has. been paid to the restric 
tion of this disease in the past, since legislators and boards of health 
and State veterinarians have had no scientific basis npoii which to 
frame laws. Even now efforts are being made iu various quarters to 
controvert or openly deny the accuracy of the investigations and re- 
sults obtained by the Bureau, and throw the whole subject back into 
the chaos in which it was but a few years ago. This must have any 
thing but a salutary effect upon those intrusted with the framing and 
execution of specific laws for the protection of domesticated animals. 

Having thus far dwelt upon the means which must be adopted to 
prevent the spread of the disease from one place to another, it becomes 
necessary to consider some of the measures that should be employed in 
checking it after it has once taken foothold in a herd. But how are 
wo to recognize the disease! To answer this question it may be well 
to recapitulate briefly some of the more important features of the mal- 
ad3^ in as simple language as possible: 

It is quite common for the disease to announce itself by a few sudden 
deaths. The stricken animals may seem well a day, perhaps only a few 
hours, before death. In order to remove any doubts as to the precise 
nature of the disease, it is best to examine one or more of the fiuimals 
before burying or burning them. This should be done in a secUided 
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place which pigs can not reach, and the ground thoroughly disinfected, 
as will be described later. The disease in the sudden cases can be 
easily recognized. The spleen is, as a rule, very black and enlarged. 
Spots of blood from the size of a pin's head to a quarter inch or more 
will be seen in the fat under the skin, on the intestines, lungs, heart, 
and kidneys. The lymphatic glands are purplish instead of a pale pink. 
When the large intestines are opened they are found covered with these 
dark spots of blood more or less uniformly and entirely. Often the 
contents are covered with clotted blood. Any or all of these may be 
considered as signs of the disease in its most virulent form. In many 
outbreaks the early cases do not succumb so rapidly. They grow weaker, 
lie down, much of the time, eat but little, and usually have diarrhea. 
Most of such cases may linger for weeks, meanwhile scattering the 
poison in the discharges. The disease may be recognized in these cases 
as soon as they are observed to act suspiciously, and there should be 
no delay in determining at once the nature of the disease. When the 
animal has been opened the large intestine should be carefully slit up 
and examined, beginning with the blind or upper end. There will be 
seen roundish, yellow or blackish spots, having an irregular, depressed, 
sometimes elevated surface. These spots correspond to dead portions 
of the mucous membrane, and they are frequently seen from the out- 
side as soon as the animal is opened. Sometimes the membrane has 
been entirely destroyed. (See also pp. 39-52.) 

In order to comprehend fully the reasons for the preventive measures 
suggested, let us briefly trace the various ways in which hog cholera 
bacteria may pass from a diseased or dead animal to a healthy one. 

Pigs may become directly infected by feeding on the carcasses of such 
as have died of the disease, or by eating food contaminated with the 
feces and urine of sick animals, or they may become indirectly infected 
by feeding upon material in which hog cholera bacteria are accidentally 
present, and in which they have multiplied. This would include milk^ 
water, and perhaps most vegetables in a boiled condition. It has been 
pointed out in preceding pages that hog cholera bacteria multiply very 
abundantly in milk, especially in warm weather, that they remain alive 
in water for months, and that they multiply upon boiled potato. It 
lias also been shown by an extended series of experiments (p. 80) that 
tbey may remain alive in the soil for from one to four months. The 
sources of infection are thus numerous enough. It has likewise been 
demonstrated that these disease germs will resist drying. Hence, dried 
discharges of the sick or the dried body of dead animals are still in- 
fectious. 

The channel of infection is in most cases the food and drink. This 
has been frequently demonstrated and emphasized in these pages. 

The food, after leaving the stomach, i)asses in a liquid condition 
through the small intestine, so that this never seems filled; in fact, its 
only contents are a coating of semi-liquid matter over the mucous mem- 
15G12 H c 9 
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braue. It piU^^seH tlirougli the small iutestine quite rapidly, but on 
reaching the lar^^e intestine tbe ifiKligedted remains become more cou- 
sistont, because the liquid is reabsorbed, and are kept here for some 
time. The bacteria, if not destroyed by the gastric juice, pass quickly 
tbrougb tbe small intestine, but in the large iutestine tbey begin to 
multiply and attack tbe mucous membrane, which they destroy. Thus 
tbe feces or discbarges of diseased pigs, wherever deposited, scatter 
larger or smaller quantities of the virus in this \\B>y, completing the 
circle of infection. 

In order to prevent the remaining healthy animals in an infected 
herd from taking the disease the following measures are suggested as of 
importance, some or all of which may be carried out according to cir- 
cumstances : 

{a) Removal of still healthy animals to inclosed uninfected ground or 
pens J an far as possible from infected localities, 

(b) Destruction of all diseased animals. 

(c) Careful burial or burning of carcasses. 

(d) Repeated thorough disinfection of the infected premises, 
(c) Great cleunlineas^ both as to surroundings and as regards the food ^ 

to prevent its becoming infected. 

(a) The importance of this measure need uot be insisted upou, after 
what has been stated of tbe various ways in which pigs may be infected. 
The distance to which Ihey may be removed will, of course, depend on 
circnmstanccs. Thej" should be kept so far away that there can be no 
means of communication, either by direct contact, by drainage of tbe 
surface of the soil, or by gusts of wind. They should not be kept too 
closely contiued, for if the disease should have attacked one or more 
and uot manifested itself before removal, the infection would become 
general. Even after this precaution is taken, latent disease among such 
as are apparently healthy may infect the new grounds and the remain- 
ing healthy animals. This danger is increased by the fact that not un- 
frequentlj^ a number of animals become infected from the same source 
at the same time. Some will show symptoms very speedily ; in others 
the disease will remain latent for a longer time. Under such circum- 
stances it is impossible to properly isolate the well from the sick. Then 
there is the difficulty of preventing the well animals from carrying the 
virus on the skin and feet into their new quarters. These drawbacks 
may be in part overcome b^' very prompt action when the first signs of 
disease appear in a herd, before the virus has had an opportunity of 
being scattered about. The bodies of those to be removed may be 
fairly well disinfected by pouring over them a 2 per cent, solutiouof 
carbolic acid, and forcing them to walk through such a solution. 

(b) This measure is recommended to prevent the further spread of 
the virus by the diseased auimals. In view of the fact that few re- 
cover, that even these few are stunted and of little value, that there is 
no reliable means of treatment which will eventually cure, destruction of 
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all sick auimals is the simjAest aud most economical procedure iu the 
end. 

(c) The disposal of carcasses has alreafly been discussed (j). 128). 
This very important measure should never be lost sight of. 

(J) Among the various disinfectants which can be recommended are 
the following : 

Ko. 1. Slaked or unslaked lime, used both as a powder and as slaked 
lime, containing about 5 to 10 per cent, of dry lime (from J to 1 pound 
of lime to a gallon of water). 

Xo. 2. Crude carbolic acid, prepared by adding to the crude carbolic 
acid obtainable from druggists at about 90 cents a gallon an equal 
quantity of ordinary sulphuric acid. This mixture is to be carefully 
added to water in the proportion of 2 ounces to 1 gallon of w ater, about 
1 J l)er cent, volume (see i). 91). 

i^o. 3. A 1 per cent, solution (volume) of ordinary sulphuric acid (1^ 
ounces of the acid to 1 gallon of water). 

Ko. 4. A 2 per cent, solution of pure carbolic acid. This is prepared 
by heating the crystals slightly until they melt and adding the resulting 
liquid to hot water, in the proportion of 1 J ounces to half a gallon of 
water. (A pound of carbolic acid, crystallized, retails at 55 cents.) 
No. 5. Boiling water. 

The careful laboratory experiments with these disinfectants, upon 
which their practical application is based, are given on p. 87. We shall 
confine ourselves in this place to a description of their employment. 

Disinfectants are substances which, in solutions of a certain strength, 
are capable of destroying disease germs. Consequently they should be 
applied wherever the disease germs are supposed to be. In case of hog 
cholera they are attached to the sides and floorings of pens and to the 
various utensils used in cleaning them. They are mixed with the earth 
over which the diseased animals have run, or in the water which they 
have frequented. In the report of the Department for 188G the use of 
mercuric chloride (corrosive sublimate) was recommended, as it is a pow- 
erful disinfectant. Since that time other disinfectants have been tested 
which are equally cheap and easily procurable. The main objection to 
mercuric chloride is its extremely poisonous character, which makes it 
undesirable to deal with. This substance has, therefore, in spite of its 
powerful germicide properties, been thrown out of our list of available 
disinfectants. 

The wood- work of pens, fences, flooring, etc , is best disinfected by 
using upon it, with a broom, solution ^o. 2 until thoroughly wet. In 
preparing this solution it should be stated that the mixing must be 
done in a glass bottle or jar and the mixture poured slowly into the 
proper amount of water in a wooden pail. This should be rinsed out 
after using to prevent the acid from slowly destroying the iron hoops. 
Whenever No. 2 is not obtainable No. 3, which seems to be equally 
efficient, may be used in its place. 
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Lime is a very efliciiiit disiufectaiit for liog cbolera. Experiments 
have shown (p. 93) that a solution containing only .02 jier ceut. will de- 
stroy the bacteria. When much organic matter is present, as macli as 
.5 per cent, to 1 i^er cent, may bo necessary. We recommend the pro- 
portions given under No. 1, which give from 10 to 20 times the streugth 
required. The resulting liquid is hot too thick it be easily manipulated 
It may be used on wood-work as a w^hitewash, and it may be spread as 
ii thin layer over the soil which has been infected. 

The 2 per cent, solution of pure carbolic acid should be used when- 
ever No. 2 maj" act injuriously by virtue of tbe sulphuric acid which it 
contains. 

In general we recommend the use of No. 2 or No. 3 as often as it may 
fceem necessary. It should be dashed upon the infected pens, troughs, 
tools, and over the infected soil. When there is no objection to lime 
this may be used on the soil, as it is equally efficient. The discharges 
should bo covered with powdered or slaked lime, and this should be 
thrown in abundance into pools or wherever water stagnates. In the 
case of troughs for feed, iron tools, etc., which are liable to injury, the 
disinfectaiit should be washed away with boiling water if this is at hand. 
Boiling water will destroy hog cholera germs by simple contact, and 
the disinfection will thus be made more complete. Shoes may be dis- 
infected by rubbing tlieni with solution No. 4. 

It must be carefully borne in mind that no manure from sick pigs 
should be removed until it has been treated with disinfectants. The 
cleaning must be done after disinfection and not before, to prevent tbe 
dissemination of living virus. 

The agency of mice and rats in transporting virus will depend upon 
the promptness and thoroughness with which disinfection and cleanli- 
ness are practiced. Mice are more dangerous than rats, in so fiir as 
they may take the disease b^^ feeding (i). 72). Flies can cnly carry 
such small quantities of the virus that the^^ are not likely to prove dan- 
gerous if disinfection and cleaning of feed troughs are attended to. 

If these measures are carefully carried out, the disease may either be 
checked or else mild cases only will appear, owing to the small quantity 
of poison which the animals are likely to consume with the food. 
• Tbe epizootic may be terminated by the destruction of most of tbe 
herd. This unfortunately is usually the case. What precautions must 
be taken to prevent subsequent outbreaks? 

If only a few animals remain, it is best to slaughter themj they are 
likely to suffer with the disease in a mild form and continue to infect 
the premises. If no more animals remain, there should be a fiual 
thorough disinfection and subsequent cleaning of the whole exposed 
territory, including every nook or corner where the disease has existed. 
This should be done with solution No. 2 or No. 3 as directed, used as 
freely as possible. After one or two days the ground may be covered 
with a thin layer, one eighth inch or more, of slaked lime in 1 ho strenj^tb 
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ibove given and left undisturbed. If there is no objection to whitewash, 
this may be applied to iufected wood work as an additional safeguard. 
Even after this thorough treatment, it is best not to place any fresh pigs 
on the premises for at least four months after the final disinfection. 
When animals still remain that have been exposed and have not taken 
the disease, no fresh animals should be introduced for at least six months 
after the termination of the outbreak. The disinfection must have been 
equally thorough. 

Alter all this trouble has been taken there is still remaining the dan- 
ger of a fresh introduction of the disease, and we would therefore again 
call attention to the rules laid down in the beginning of this chapter. 
These, after all, must be considered as most important. It is much easier 
to keep the disease away than to eradicate it after it has been intro- 
duced, without great loss of time and money. We would also suggest 
that in those regions where the danger from hog cholera epizootics is 
always present, the methods of keeping hogs be simplified in such a 
way that disinfection may be practiced without too much labor and un- 
certainty as to the results. It is only necessary to visit a few farms to 
be convinced of the difficulty that may be met with in endeavoring to 
eradicate the disease. The hogs are allowed to stray into the most 
outof the-way places when sick instead of being kept in inclosures of 
definite form and size, which are readily accessible. The poison is thus 
scattered in such a way as to make disinfection impossible. It is cer- 
tainly not necessary in raising iiigs to allow tbem to stray into arbors, 
behind hedges, hide themselves under barns and outhouses. In some 
farms which we have visited, and which were said to have hog diseases 
most of the year, there seemed to be no places about the house or gar- 
den where pigs did not go. Under such circumstances disinfection is 
is quite impossible. The pens and other wooden structures, fences, etc., 
are also apt to be in a very dilapidated condition, so that cleaning is 
very much complicated. Even under such circumstances the germs will 
finally perish without disinfection if enough time be given, since they 
gradually die in the soil and water, as our experiments have shown. A 
period of from six to nine months after all animals have been removed 
will be, in general, sufficient to purify the soil of these disease germs. 
In fact the natural disinfection is very probably accomplished in many 
cases in from three to four months, but it would not be safe to rely upon 
this. 



TREATMENT OP HOG CHOLERA. 

Upon this subject very little slioukl bo said, for the reason that (lis 
eased animals are a source of poison and a menace to healthy aninuils, 
and should be destroyed. Moreover treatment is exceedingly unsntis- 
fiictory, as the disease either terminates fatally, whatever remedies nre 
used, or generally makes the animal useless if it should recover. We 
tiierefore urgently recommend slaughter of the sick and thorough dis- 
infection as the safest and most economical treatment in the end. 

Treatment, however, is resorted to by a large number of owners of 
swine. The number of specifics, so-called, which are being advertised 
is legion. We have tried some of the best recommended and found them 
of no avail. Nor is there any " specific" known in the range of veter 
inary or human medicine that will cure diphtheritic and ulcerative dis- 
ease of the large bowels except time, combined- with careful dietin^*, 
rest, and a few palliatives to relieve pain. It is impossible to carry out 
this treatment on swine. The success frequently reported with spe- 
cifics in hog cholera are very probably due to the fact that the treat- 
ment is usually adopted in mild forms of disease of a different nature 
which is mistaken for cholera, or when the acute outbreak is over and 
the plaguehas assumed a chronic character. The affected swine linger 
for a time with very slight symptoms of disease, and this change is 
credited to the ^'specific'! employed. Remembering that the severest 
injury is done to the walls of the large intestines in this disease, we 
regarded it important to determine what medicine would give a prompt 
and copious evacuation of the bowels in the very beginning of the dis- 
ease. Variotrs medicines were tried by Dr. Kilborne, at the Experiment 
Station, among others the following: 

(1) Calomel and ja?ai?.— February 20, 1888. To No. 463, 30 grains 
calomel ; to No. 407, 23 grains jalap; to No. 468, 30 grains each of cal- 
omel and jalap. February 21. Same dose given again to Nos. 463 
and 468; no result. 

' (2) CatomeL— March 7. To Nos. 441 and 442, each one dram of dry 
eaiomel. March 8. To 441 same dose mixed with castor-oil; to 442 
about IJ drams with castor-oil. No. 441 was freely purged after second 
dose, continuing for twenty to thirty-six hours. No. 442 was I'reely 
purged after sixteen hours, continuing sixteen to twenty hours, when 
it (lied. At autopsy were found intense inflammation of stomach, super- 
ficial necrosis of the mucosa of large intestine with deep reddening 
resembling hog cholera. No bacteria found in cultures from spleen. 
These changes were no doubt due to the calomel. 
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(3) Calomel. — March 8. Nos. 403 and 408 received each one dram 
colomel in 2 drams castor-oil. No. 408 was purged freely in twenty 
hours, continuing thirty six hours. No. 403 was purged in sixteen 
hours and made ill for several days. 

(4) Epsom salts. — Nos. 403 and 405 (weight 50 pounds) received each 
1 ounce. Bowels slightly relaxed for one or two passages. Nos. 339 
and 377 (weight 50 pounds) received each 2 ounces in water. No. 339 
was purged and made slightly ill. No effect on 377. 

(5) Barbadoes aloes, — Nos. 402 and 404 (weight 50 pounds) received 
one-half dram each; no effect. Nos. 372 and 380 (weight 05 pouuds) 
received each 2 drams, mixed in molasses ; no effect. The same ani- 
mals, five days later, received each 4 drams with molasses; no effect, 
except discoloration ot feces. 

(0) Castor oil and turpentine, — Nos. 387 and 388 (weight 50 to GO 
pounds) received each 1^ ounces castor-oil and one-sixth ounce turpen- 
tine ; no effect. No 387 received, five days later, 2^ ounces oil and one- 
sixth ounce turpentine. No. 388 received, five days later, 2J ounces oil 
and one-third ounce turpentine; no effect. 

(7) Linseed-oil and turpentine, — Nos.. 383 and 399 (weight 50 to 60 
pounds) received each 2i ounces oil and one sixth ounce turpentine; 
no effect. No. 383 received, i\\Q days later, 4 ounces oil and one-sixth 
ounce turpentine. No. 399 received five days later, 4 ounces oil and one- 
third ounce turpentine. Both were made sick for a day or two. No 
catharsis. 

These trials show how difficult it is to cause movement of the large 
bowels in swine, and they also suggest that this very sluggishness may 
make them susceptible to inflammations and ulcerations such as we 
find in hog cholera and frequently in swine plague. 

It was our intention to obtain a cathartic which would freely purge 
without causing any inflammation or irritation of the large intestine. 
Of those tried, calomel is the only available one. This must be carefully 
given, as it may produce the very inflammations which it is designed to 
check, and destroy life, as was actually done in experiment 2. 

Concerning calomel EUenberger* says: 

Calomel (ia combination with castor-oil) is especially serviceable with swine; with 
larger animals when the contents of the intestinal canal are to be disinfected, and in 
inflammatory fevers. It shonld be given to ruminants with the greatest caution. 

It was our purpose to try calomel after having made these trijils upon 
healthy animals, when the disease died out at the Experiment Station, 
and further investigations had to be postponed. 

If the large intestine has been promptly evacuated the next important 
step is to give only that food which leaves but little irritating waste to 
pass into the large bowel, such as milk and gruels. In short, it is best 
to use only boiled or scalded food so as to help the process of digestion 
as much as possible. It may be necessary to repeat the dose of calo- 
mel after a few days. As to this mode of treatment our experience is 
not sufficient to warrant any positive statements, and it is simply sug- 
gested to those who wish to run the risk of treating this disease. 

* Lehrhuch d. aUgemeinen Thempie d. Haussdngethiere, 18^5, p. 676. 
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There is another line of preventive and curative treatment which majr 
prove valuable in the future, namely, the feeding of substances with the 
daily food which, while not injurious to the animal itself, may keep in 
check the multiplication of the virus in the intestine by an antiseptic 
action. It is very important, however, to bear in mind that a large 
number of those medicines which act as disinfectants and antiseptics 
are likewise injurious or even poisonous to the animal itself. A too 
aliundant feeding of such material, while it may reduce the mortality 
and lessen the severity of the disease in the sick, is liable to cause in- 
jury to liver, kidneys, and other vital organs, whereby the nutrition of 
the animal may be permanently injured. Such medicines, when care- 
lessly given to healthy animals as preventives, may irritate the large 
bowel sufficiently to reduce its vitality and power of resistance when the 
disease actually appears. The proper medicine to feed must therefore 
be selected with care, and we trust that experiments to this effect niay 
be carried on at the Experiment Station at an early date. 

There is still another line of treatment which demands attention, 
namely, the introduction of a suflBcient amount of some disinfectant 
into the body to be absorbed and thus to make the whole body ai)pose 
the multiplication of bacteria. Koch tried this method by injecting 
mercuric chloride into guinea-pigs and afterwards inoculating them 
with anthrax bacilli. The animals all took the disease and died. 

At the laboratory of the Bureau mercuric iodide, a still more power- 
ful disinfectant, was tried upon rabbits. 

A solution was prepared containing .001 gram mercuric iodide and 
.002 grain potassic iodide in a cubic centimeter. Of this .5 cubic centi- 
meter was injected beneath the skin of the back of four rabbits (Nos. 
1, 2, 3, 4) for eight successive days. On the third day Nos. 1, 2, 3, and 
a fresh rabbit (check^, No. 5, received hypodermically into the inner sur- 
face of the thigh J cubic centimeter of liquid containing one millionth 
cubic centimeter of a beef infusion culture of hog cholera bacteria about 
one day old. - 

All the inoculated rabbits died, the dates being given in the appended 
table. Rabbit No. 4, which had received the iodide onl^^, to observe 
any poisonous effect, remained well. The lesions were those of hog 
cholera, and the specific bacteria were present in the spleen. The total 
amount of the iodide given was .004 gram, about ^^ grain. 



Xo.^ 



.5 cubic centimeter of 
tV per cent, mercuric 
iodide daily. 


Inoculated with one-mil- 
lionth cubic centimeter 
culture hog cholera bac- 
teria. 


Remarks. 


June 22 to 29. inclusive. 


June 24 


Died June 30. 
Died July 3. 
Died July 6. 


...do 


...do 


...do 


...do 


...do 




...do 


June 24 


Died July 3. 









* Woiphin^ each sibout 2 pounds. 
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At the same time healtby pigs were fed with the same substance in 
minute doses, to observe any toxic cfi'ect that might appear. These exper- 
iments were likewise interrupted in their application by the disappear- 
ance of the disease at the beginning of the year. While we therefore 
recommend in general the use of a purgative, such as calomel, in th(^ 
beginning of the disease, and careful feeding subsequentlj^ we bave as 
yet no actual experimental evidence that such treatment will be of any 
avail, owing to the frequent interruptions of the work. 



EXPERIMENTS ON THE PREVENTION OF HOG CHOLERA BY 

INOCULATION. 

During' the past six or seven years the attention of the world has 
been centered upon the brilliant experiments of Pasteur in tbe line of 
preventive inoculation for animal diseases. Many others have since 
then followed his footsteps with variable success. Among those dis- 
eases for which preventive inoculation is more or less in vogue in some 
European countries, especially in France, are anthrax among cattle and 
sheep, charhon symptomatiquc, afiecting the same animals and perhaps 
identical with the disease known as black quarter or black leg in this 
country. This is not the place for discussing the absolute value of vac- 
cination in these diseases, nor to point out the reasons why they are 
not regarded of much value by scientists of Germany and other States. 
Suffice it to say that the Bureau has devoted a large amount of time in 
testing all the available methods of attenuating hog cholera virus for 
vaccinal use, to determine whether any vaccine could be placed at the 
disposal of the public that might prevent the enormous losses entailed 
each year by this dreaded germ disease. In the following pages most 
of the work done (chiefly during the winter and spring of 188G).is briefly 
reproduced. 

Inoculations of small doses of strong virus in the form of liquid cultures 
was first resorted to, because it had been observed that pigs rarely take 
tbe disease when culture liquid in such quantities is injected directly 
under the skin. We reasoned that if injections of small doses do not 
fjause tbe disease, why may they not prove etiective in i)reventing natu- 
ral infection? The cultures were not therefore attenuated, as Pasteur 
has done, with anthrax, because the step was deemed unnecessary. 

A lot of animals were at first inoculated twice with very small quan- 
tities, the period between the two inoculations being about two weeks. 
This time was sufficient to reveal any disease which might have been 
induced by the inoculations. Two weeks after the second inoculation 
tbe animal was infected either by allowing it to feed upon the internal 
organs of pigs which had died of the disease or by exposing it to the 
sick and dying in an infected pen. It was soon found that the inocu 
lations were by no means prot ctive, in whatever way the virus entered 
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the system, for subsequent feeding usiiJilly produced cases of the most 
acute character aud with the most severe and extensive lesions. The 
doses of inoculated cultures were gradually increased in quantity with- 
out yielding any better results. Of a large number of animals sub- 
jected to inoculation only five took the disease unmistakably as a con- 
8i»quence of the operation. The experiments, including tables and 
post-mortem notes, are given in cxtenso as they were made. 

In reading them over it will be noticed that the virus was cultivated 
chiefly in liquid media, and the solid media, njore particularly nutritive 
gelatine, were only employed to test the purity of the cultures. When- 
ever these cultures were used for inoculations they were previously 
tested on gehatine plates by drawing a platinum wire, dipped into the 
culture, through the gelatine layer two or three times before the gela- 
tine had become solid. Among the hundreds of cultures thus tested in 
the space of several months not one was found impure. Series of cult- 
ures extending up to the tenth generation were usually carried on by 
inoculating fresh tubes each day. The last culture tested as described 
above gave precisely the same colonies as the first in all the series thus 
far prepared. The culture-tube, described in the First Annual Report 
of the Bureau, was used almost exclusively for these cultures in liquid 
media. The advantages and accessibility of cultures in liquids for 
purposes of inoculation, the readiness and ease with which quantities 
or doses may be determined, finally, certain characteristics of growth 
in liquids, place this method on a level with, if not above, that of solid 
cultures for experimental purposes. For diagnostic purposes, solid 
media are today a sine qua non of bacteriological work. 

Experiment 1. — Pigs Nos. 152, 1G7, 1G8, and 175 were inoculated with 
pure cultures in beef-infusion peptone as follows: On January 23, one 
drop of the seventh culture, derived from the spleen of pig No. 114; 
on Februarys, with one eighth cubic centimeter from a culture derived 
Irom a guinea pig. Both cultures were diluted in sterile normal salt solu- 
tion in such a way that 1 cubic centimeter of fluid was injected each time. 
Theinneraspectof the thigh near Pouparl'sligament was chosen, and the 
liquid was introduced beneath the skin into the subcutaneous tissue with 
a hypodermic syringe. There was no perceptible swelling at the site of 
either inoculation, excepting in No. 175, in which there were two tumors, 
each the size of a walnut, at the seat of the first inoculation. In order to 
test the extent of the immunity which these inoculations might have 
conferred, feeding the viscera of pigs which had succumbed to hog 
cholera was resorted to, the animals being transferred to the large in- 
fected pen for this purpose. Nos. 1G8 and 175 were fed in this way 
March 5, and two animals not inoculated (Nos. 158 and 189) were fed 
with them. All four died; the two vaccinated animals in c^bout twenty 
days, the others in about fifteen days after feeding. March 13, Nos. 152 
and 1G7 were fed with two check animals, Nos. 17G and 100. These four 
also died of hog cholera; the two vaccinated ones averaging twenty 
days, the others eleven days after feeding. The inoculation may be 
said to have simply retarded death from five to nine days. A table 
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giving a suimnary of tlicse facts is appended, together with a brief 
description of ihaposf mortem appearances: 



Xo. 


January 2.3. 


February 8. 


Fed with bog- 

cholera vis 

cera. 


Died. 


Number of 

days after 

feeding. 


152 


Drops. 

1 


* ' i , Mar. 13 .... 


Apr. 3 


21 


167 


1 


^ 


Mar. 13 


Apr. 1 


19 


168 


1 


i 


Mar. 5 


Mar. 28 


23 


175 


1 


i 


Mar. 5 


Mar. 22 


17 


158 
189 
176 
190 






Mar. 5 

Mar. 5 

Mar. 13 

Mar. 13... 


Mar. 21 

Mar. 19 

Mar. 23 

Mar. 25.... 


10 
14 
10 
12 



















Autippsy notes, — No. 152. Skin of limbs and abdomen dotted with purple 
8pots ; on abdomen, general reddening. Points of extravasation and 
ecchjmosed spots throughout the subcutaneous connective and fatty 
tissue and on gastro-splenic omentum. Superficial inguinal glands 
greatly enlarged and congested. Spleen enlarged, filled with blood, 
and very soft. Petecchiseon epicardium. Numerous lobules of the lungs 
collapsed. Glomeruli of kidneys appear as deep red petcccliiie. In 
ciecum and upper portion of colon extensive and deep ulcers. A few in 
the ileum near the valve. The mucosa of the stomach, small and large 
intestine, thickly covered with dark red points or petecchiaj. 

No. 167. Dying, and hence killed by a blow on the head. Spleen swol- 
len, friable; epicardium dotted with points and spots of extravasation. 
In lungs a few collapsed lobules. Lymphatic glands generally very 
deeply congested, similarly the mucous membrane of fundus of stomach 
and the kidneys. Large ulcers in caecum and upper portion of colon. 

No. 168. SulDcutaneous and sub-peritoneal tissue contains numerous 
ecchymoses from one eighth to three-fourths inch in diameter. Spleen 
enlarged, gorged with blood, friable. Petecchiai on epicardium. Lungs 
not collapsed; its parenchyma contains numerous deeply-congested 
areas from one-eighth to one-half inch in diameter. Kidneys enlarged, 
with extravasations on surface and in parenchyma. Cortex of lym- 
phatics in general deeply congested. Extensive, almost continuous, 
ulceration of caecum, and upper portion of colon, in part blackish, the 
remainder of the large intestine being the seat of severe inflammation 
and extravasation. Mucous membrane of stomach similarly involved. 
No. 175. Subcutaneous tissue dotted with pale red spots. Tumor at 
the place of the first inoculation firm throughout, pale yellowish. Su- 
perficial inguinal glands, as well of those of thorax and abdomen, with 
purplish cortex. Spleen tissue still firm, dotted with numerous bright 
red points, but slightly enlarged. Beneath the entire epicardium and 
endocardium many extravasations. Caecum and upper portion of colon 
extensively ulcerated. Serous surface of large intestine dotted with 
extravasations. 

No. 176. Slight reddening of skin and subcutaneous fatty tissue. 
Cortex of lymphatic glands in general deeply congested. Spleen much 
enlarged and surface dotted with numerous bright red elevated points. 
A lew j)etecchiae on endocardium and epicardium. Lungs deeply con- 
j^ested throughout; kidneys likewise inflamed. Stomach slightly red- 
dened at fundus; small intestine also slightly congested. Serosa of large 
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iiiteHtiue dotted with extra vasatious. The mucosa of caecum and «inall 
portion of colon one mass of necrosed tissue. Walls thickened. 

No. 189. Extensive and deep reddening: of skin of abdomen, throat, 
and limbs. Subcutaneous tissue only slightly reddened; spleen en- 
larjccd, gorged with blood, friable. Besides the general congestion of 
the lungs there are small darker areas, rei)resenting hemorrhagic lobules. 
]>ronchial glands and those along lesser cuivature of stomach swollen 
and gorged with blood; the other lymphatics only moderately congested. 
Besides a small number of ulcers throughout the large intestine, the 
mucous membrane is deeply congested and dotted with occasional 
hemorrhagic points. Kidneys extensively inflamed ; on section the cor- 
tex shows extravasations. 

No. 100. Considerable reddening of the skin of abdomen and ventral 
aspect of limbs; very slight in subcutaneous tissue. Spleen greatly 
enlarged, dark purple; blood flows freely on cutting into it; very soft. 
Lungs contain regions of congestion and hepatizations, possibly due 
to the presence of a few lung worms. Lymphatic glands near stomach, 
the bronchial and superficial inguinal glands, deeply congested. Mu- 
cous membrane of stomach extensively congested; a large patch of 
extravasaiion in fundus; large intestine severely inflamed, with occa- 
sional extravasations; no ulcerations. 

Tlie diagnosis of hog cholera was confirmed in every case by finding 
the si)ecific bacillus in cover-gliass preparations of splenic tissue and 
obtaining therefrom pure cultures in liquid media and in gelatine. 

Experiment 2. — In conjunction with the first series of inoculations, two 
pigs (Nos. 140 and 161) were inoculated at the same time, as follows: 
January 23, with 1 cubic centimeter of the seventh culture in beef-infu 
sion peptone. No reaction at the place of inoculation in No. 149; a 
tumor as large as a marble in No. 161. On February 8 both received a 
second injection of 1 cubic centimeter. Two swellings as large as a 
chestnut at the place of the second inoculation in No. 140; in No. ICl 
also a considerable thickening was present. No. 140 was fed March 
5 with four of the ]n'eceding series; No. 161 on March 13 with the 
remainder of the preceding series-and some to be subsequently spoken 
of. Both died of hog cholera. The accompanying table and brief 
autopsy notes explain themselves : 



No. 

149 
ICl 


Inoculation. 


Fed. 


Died. 


Days 

after 

feeding. 


Jan. 23. Feb. 3. 


c. c. 

1 
1 


c c. 

1 


1 

Mar. 5 Mar. 24 
Mar. 13 Apr. 14 


19 
. 32 



No. 140. Slight reddening of the skin and subcutaneous connecli^'e 
tissue; the tumors produced by inoculation firm, pale yellowish, only 
one showing softening within ; spleen considerably enlarged and full of 
blood; ascarides in gall bladder, which is ulcerated; mucous membrane 
along fundus of stomach intensely congested; the mucous membrane 
of caecum and upper portion of colon one mass of ulcers ; in the remain- 
der of colon they are isolated; kidneys congested. 
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No. IGl. Great emaciation ; spleen eularged and gorged with blood, 
very soft; all excepting the posterior region of each lu.Hg bepatized 
aud tbe bronchi filled with a thick creauiy mass, which consists almost 
entirely of pus corpuscles ; lymphatics butsliglitly congested ; adhesions 
between adjacent coil of large intestine and bladder; cajcum and colon 
studded with large deep ulcers; valve greatl}' enlarged ; intense con- 
gestion of raucous iiiembraue of fundus of stomach. 

Cover glass preparations from the spleen of both contain the charac- 
teristic bacilli. Gelatine and liquid cultures from the same organ were 
pure. 

The comparatively large dose of strong virus used for vaccination was 
not capable of protecting these animals from the disease communicated 
by feeding. There was no suspicion of disease caused by the vaccination 
when they were fed, and the time intervening between the two injec 
tions was sufficient for any development of disease from the injected 
virus. 

Experiment 3. — Pigs ^os. 151, 169, 170, and 178 were inoculated as 
in the preceding exi)eriments on February 8 and 23 with J cubic centi- 
meter of a beef infusion i)eptone culture derived from a guinea pig and 
the seventh culture from the spleen of a pig in the same medium. The 
dose was diluted in salt solution so as to make 1 cubic centimeter ot 
hquid. In No. 151 the second inoculation produced a tumor about 1 
inch long and one third inch thick. The first was scarcely noticeable. 
In No. 1G9 the first inoculation resulted in a bean like nodule; the sec- 
ond produced several of the same sizo. In No. 170 neither inoculation 
^ihowcd more than a very slight swelling. In No. 178 both inoculations 
produced rather extensive swellings. 

On being fed with the viscera of pigs known to have died of the dis- 
ease all took the disease and died ; two on March 13 and the remain- 
ing two on March 19, i. e., one in thirteen, one in eighteen, and two in 
twenty-two days after feeding. A table summarizing these facts and 
hrief postmortem notes are appended : 



Ko. 


InoculatioD. 

1 


1 

1 


Fed. 


Died. 


Days 
afti-r 










Feb. 8. 


Feb. 


23. 






feediii<r. 




c. c. 


c. 


c. 








151 


h 




i 


Mdr. 13 


Mar. 26 


13 


1G9 


i 




^ 


Mar. 19 


Apr. 10 


22 


170 


i 




i 


Mar. 13 


Apr. 4 


22 


178 




b 


Mar. 19 


Apr. 6 


18 



Autopsy notts.-^^o. 151. Purplish spots on skin of abdomen and paler 
ones in subcutaneous tissue. Inoculation tumor cuts like cheese ; yel- 
lowish-white. Extravasations under endocardium and pericardium; 
left lung mottled from hemorrhagic areas ; cortex of lymphatic glands 
infiltrated with blood ; those of meso colon and lesser curvature of 
stomach dark purple throughout; kidneys pale; hemorrhage into pel- 
vis of left kidney ; extravasations into mucosa of stomach ; moderate 
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uumber of ulcers iu cflpciim aud colou 5 large quautity of blood iu the 
lower 6 or 8 feet of ileum and in the large iutestiue, clotted in the 
former tube, wliere the mucous membraue is deeply congested. 

No. 109. Small tumor on the left side, the place of the second inocu- 
lation ; spleen enlarged aud congested, with large hemorrhagic infarcts; 
considerable effusion in the large serous cavities. Besides the general 
congestion of lungs, there are scattered throughout its parenchyma 
hemorrhagic foci. Hemorrhagic inflammation of kidneys manifested 
by bright red glomeruli throughout its cortex; lymphatics in general 
dee))ly reddened; numerous petecchiae in stomach, small and large intes- 
tine. In caecum aud colon, large, deep ulcers. 

No. 170. Redness of skin in abdomen ; nothing at places of inoculation; 
spleen enlarged, friable, full of blood ; abdomen, thorax, and pericardial 
cavity contain much yellow serum; congestion of the lungs with darker 
he'morrh agio foci throughout; anterior lobes collapsed ; kidneys enlarged, 
with a few extravasations on surface and in parenchyma ; mucous mem- 
brane of stomach and intestines covered with many hemorrhagic points 
and spots. In large intestine, including rectum, numerous old ulcers, 
some 1 inch across. Lymphatics in general hemorrhagic. 

No. 178. Died quite unexpectedly. At the place of first inocula- 
tion two firm whitish masses; spleen enlarged, friable ; its substance 
contains hemorrhagic infarcts; extravasations beneath both serous sur- 
faces of the heart; congestion of lungs, with numerous darker hemor- 
rhagic foci; lymphatic glands of abdominal cavit^^ very dark and gorged 
with blood; extensive ulceration about the ileocaecal valve, in the cae 
cum, and colon; in the lower portion of colon and iu the rectum numer- 
ous small extravasations. Hemorrhage into pelvis of both kidneys. 

The post-mortem determination of a severe type of hog cholera in 
these four cases was confirmed by finding in the spleen of each animal, 
by means of cover-glass preparations, numerous specific bacteriaof this 
disease. Cultures in liquid media made from every spleen were found 
pure when examined microscopically as well as on gelatine plates. This 
experiment likewise proved the inefficiency of small quantities of non- 
attenuated virus introduced beneath the skin in preventing an invasion 
of the micro-organism from the alimentary canal. 

Experiment 4. — A third lot of four pigs (Nos. 117, 171, 172, and 174), 
between three and five months old, were inoculated as before with .2 
cubic centimeter each from the second beef infusion i)eptone culture 
derived from a pig's spleen. On March 1 they were inoculated with 
.2 cubic centimeter from the second culture derived from a pig's spleen. 
In No. 117 there was a slight swelling after the first, and one as large 
as a chestnut after the second inoculation. In No. 171 a mass IJ to 2 
inches long and three-fourths inch in diameter was found at site of the 
first inoculation. There was but a small nodule at the place of the 
second inoculation. In No. 172 two lumps, like small marbles, formed 
after the first inoculation ; alter the second only a small nodule formed. 
In No. 174 the reaction after the second inoculation was manifested by 
an irregular tumor about 2 inches long and one third of an inch in diam- 
eter, the reaction at the place of the first inoculation being less marked. 

Of these four, two (Nos. 117 and 172) were fed with the viscera of 
pigs dead from hog cholera, together with two control animals (Nos. 
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192 and 193), on March 19. The rest (Nos. 171 and 174) were simply 
placed in the large infected pen March 22, with those that had been fed 
with infectious matter. Below the result is given in a tabulated form. 
It shows that all the animals succumbed to the disease, those simply 
exposed by contact with the sick as well as those fed. Of the inocu- 
lated animals, those fed died in twenty-one and eighteen days after 
feeding ; those exposed, in twenty-two and twenty-five days, respect- 
ively. Those not inoculated died twelve and nine days, respectively, 
after feeding. - Here, likewise, we notice the prolongation of life in the 
inoculated pigs. 



1 — • 

No. 


Feb. 13. 


Mar. 1. 


Date of feeding 
and exposure. 


Died. 


Days after 

exposure 

and feeding. 


117 

171 

172 

174 

192* 

193* 


c.e. 
.2 

.2 

.2 

.2 


e.e. 
.2 

.2 

.2 

.2 


Fed Mar. 19 

Exposed Mar. 22.. 

Fed Mar. 19 

Exposed Mar. 22.. 

Fed Mar. 19... .1.. 

do 


Apr. 9 
Apr. 13 
Apr. 6 
Apr. 16 
Mar. 31 
Mar. 28 


21 
22 
18 
25 
12 
9 













* Checks. 

The lesions found at the autopsies of these pigs are briefly as follows: 

No. 117. Extensive reddening of the skin of abdomen ,• great enlarge- 
ment of spleen, which is gorged with blood, very soft; petecchial dis- 
colorations on surface of lungs and on section ; large intestine studded 
with broad, deep ulcers as far as the rectum; a few in ileum. 

No. 171. Skin over ventral aspect of body deeply reddened ; hemor- 
rhagic spots under peritoneal covering of diaphragm and large intestine 
and under capsule of kidneys; lungs congested, containing numerous 
dark hemorrhagic lobules ; part of anterior lobes collapsed. The spleen 
very large, dark colored; nodes slightly raised above surface, shown on 
section to be hemorrhagic infarcts; lymphatic glands generally highly 
congested ; petecchial spots on surface and in cortex of kidneys; hemor- 
rhagic foci throughout mucosa of stomach and intestines. About four 
large ulcers in caecum and colon. 

No. 172. Reddening of skin of ventral aspect of body and of subcu- 
taneous tissue generally ; firm, pale yellow, cheesy masses, surrounded 
by a thin membrane at place of inoculation ; engorgement of spleen 
and lymphatic glands; extravasations in parenchyma of kidneys. In 
caecum and colon numerous deep ulcers, some coalesced. Mucosa of 
stomach generally congested, and that of intestines thickly dotted with 
petecchise. 

No. 174. Deep reddening of skin of abdomen; encysted cheesy mass 
at site of first inoculation ; great enlargement of spleen ; prominent red 
points on surface; effusion into abdomiual cavity; anterior lobes of 
lungs collapsed, remainder normal; lymphatics highly congested ; three 
large ulcersin caecum ; valve thickened and ulcerated ; petecchiae numer- 
ous throughout mucosa of stomach and intestines. 

No. 192. Control animal ; reddening of skin of ventral aspect of body 
and of subcutaneous tissue; spleen swollen; full of blood ; friable; at- 
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electasis of the small anterior lobe of each lung ; ulcers on the mucous 
surface of gall bladder ; cortex of lymphatic glands infiltrated with 
blood ; mucosa of large iutestiues congested 5 numerous ulcers in caecum 
and upper colon. 

No. 193. Subcutaneous connective tissue considerably reddened; 
spleen but slightly enlarged ; not much softened ; mucous membrane 
of stomach, of large and small intestines, deeply congested ; contents 
of large intestine iluid, chocolate colored. 

In cover-glass preparations from the spleen pulp of these animals, 
numerous bacteria of hog cholera were found in each preparation. Both 
gelatine and liquid cultures from every spleen proved to be p ire cult- 
ures of the bacillus of hog cholera. 

The diagnosis made on post mortem was thus confirmed by micro- 
scopic examination and culture. 

Experiments. — To determine the effect of a single inoculation, on 
February 13 two pigs (Nos. 115 and 160) received subcutaneously each 
1 cubic centimeter of the second beef infusion peptone culture obtained 
from the spleen of a pig. In Xo. 115 a tumor as large as a marble was 
found at the seat of inoculation March 9. In No. 160 the tumor was 
elongated, about 2 inches long and three-eighths of an inch thick. Xo. 
115 was fed with viscera taken from cases of hog cholera March 19. 
No. 160 was simply exposed to the disease by being transferred to the 
large infected pen. No. 115 died April 8. No. 160 recovered and was 
well May 6. The detailed account of this experiment is appended: 



No. 


Feb. 13. 


Date of feeding and 
exposure. 


Effect. 

Died Apr. 8 . 
Kecoverod . . 


Days after 
feeding. 


115 
IGO 


c. c. 
1 

1 


Fed Mar. 19 

Exposed Mar. 22.... 


29 



Postmortem notes.^^o. 115. Firm, pale yellow tumor at seat of in- 
oculation, encysted ; center undergoing softening. Spleen tumefied, 
very dark and friable. A few extravasations beneath serous coverings 
of heart. In cortex of kidneys numerous hemorrhagic points; cystic 
degeneration of right kidney; advanced ulceration of caecum and 
colon ; scattered petecchite in mucosa of stomach and small intestine. 

JSTo. 160. Was very low for a time, beginning with April 1. It was 
barely able to stand and its appetite was poor. It rapidly recovered, 
however, and was gaining flesh in May. Whether the animal was suffer- 
ing from hog cholera or from the Selerostoma pinguicola (kidney worm), 
with which some of this lot were found aliected, can not be said. 

In order to determine whether a single injection of a comparatively 
large quantity of culture liquid, while not inducing the disease, would 
protect against the disease itself, the following experiment was per- 
formed : 

Experiment 6.— Four pigs (Xos. 202, 204, 205, and 212) were inoculated 
April 2 with 1 J cubic centimeters of a seventh culture in beef infusion with 
I percent, peptone one dajr old. Four additional pigs f Nos. 206^ 207^ 809, 
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and 209) received but one cubic centimeter of the same culture. The re- 
mainingfourof thesame lot (Nos. 2035210,211, and 213) were reserved as 
checks upon the experimen t. Of these Kos. 203 and 213 had a temperature 
of 106O F,, and hence were suspected of disease. This suspicion was soon 
confirmed after they had been placed in a pen alone. Both had a severe 
diarrhea, one dying April 11, the other April 13. The lesions were con- 
fined to the mucous membrane of the large intestine, which was dotted 
withnumerouselevatedlemou yellow tough massesafew lines across, sim- 
ulating ulcers. On close examination, however, this impression was dis- 
pelled. These tough masses were easily removed in toto from the mu- 
cosa, which presented a slight depression without any loss of substance. 
They were evidently exudates from the mucosa (croupous?). There were 
no bacteria in the blood or in a bit of spleen dropped into a culture tube. 
No development took place in either tube. 

Of those inoculated with 1 J cubic centimeters two died from the imme- 
diate efifects of inoculation. Ko. 204 died in eleven days and Ko. 212 in 
seven days. In ^o.204 atough tumor had formed at the point of inocula- 
tion on each side. The mucous membrane of the large intestine was com- 
pletely necrosed and the spleen enlarged. In Ko. 212 local swelling was 
present on one side. The stomach and la'rge intestine were deeply con- 
gested, with points of commencing ulceration in the latter. In both ani- 
mals the bacillus of hog cholera was i)resent in cover-glass preparations of 
the spleen. Nos. 202 and 205 seemed to remain unaffected by the inoc- 
ulation. One month and a half later both were exposed to the disease 
in tie large infected pen. A month later they were removed with oth- 
ers to a clean pen, after having apparently resisted infection. No. 202 
was gradually wasting away, and died July 24, more than two months 
after exposure. In the large intestine were cicatrices of healed ulcers 
and such as were healing. The severest lesions were in the lungs. Both 
were adherent by means of bands to the costal pleura, and were exten- 
sively hepatized. No. 205 was alive and well August 15. 

Of the second lot, which had received 1 cubic centimeter of the same 
culture the results were nearly the same. Two succumbed to theinocula- 
tion, one died of infection, and a fourth survived. No. 208 died fifteen 
days after inoculation. Besides the inoculation swellings, enlarged and 
congested spleen, the mucous membrane of the large intestine was covered 
with extensive deep ulcers, and the walls much thickened and softened. 
The corresponding lymphatics in the meso colon deep purple. No. 209 
died in six days after inoculation. There was general congestion and 
extravasation of blood in the internal organs, involving the entire mu- 
cous membrane of the alimentary tract, especially the large intestine, 
the lymphatics and serous membranes, the spleen, and kidneys. Ulcera- 
tion had not yet begun. In both animals the spleen was crowded with 
bacteria, and furnished pure cultures of the specific germ. 

Nbs. 206 and 207 were not affected by the inoculation. They were 
e^^posed with t^e preceding lot, as indicated in the tq^bje, JTo, 307, after 
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appareDtly resisting infection in the infected pen for a month, diedJaly 
18, after having been in a clean pen since June 21. The extensive ne- 
crosis of the mucous membrane of thecaecum and upper portion of colon, 
with the absence of any acute inflammation elsewhere, gave evidence of 
a chronic case of hog cholera. No. 200, though still alive, is emaciated. 

The two remaining check pigs, which were exposed with the preced- 
ing animals in the same infected pen, both died of hog cholera; No. 
211 found dead June 21. The most marked changes were a small num- 
ber of ulcers on a pale mucous membrane scattered over the caecum and 
colon. No. 210 lived a month longer than its mate. The existence of 
hog cholera was demonstrated by a general necrosis of the mucous 
membrane of the ciecum and an extensive pigmentation in the remain- 
der of the large in testine. The lungs were adherent in places and much 
congested. 

When we gather together the facts presented by this experiment we 
shall find a certain number of interesting c ductions springing there- 
from. In the first place, we note the peculiarity of the intestinal lesions 
of the two animals which died from some unknown cause, presumably 
not hog cholera. We next point to an additional demonstration of the 
specific nature of the bacillus of hog cholera, for out of eight inoculated 
four died, and the age of the lesions corresponded well with the length 
of time elapsing between inoculation and death. 

Those animals which resisted the inoculation were in part protected, 
as two among four were still alive on August 17, and the remaining two 
died, probably from effects of the ulceration, months after exposure. 



No. 



*202 
204 
205 
212 
206 
207 
208 
203 

V203 

1210 
f211 
t213 



Inoculated April 2. 



Died from ^=^I>^«^^ 

lation. infected 
peus. 



Removed 

from 
infected 

pens. 



IJ c. c. culture liquid. 

do 

do 

do 

1 c. c. culture liquid . . 

... do 

do 

do 



April 13 
April 9 



April 17 
April 8 



May 18 
....do... 
May 18 



Juno 21 
June 21 
June 21 



May 18 
...do... 



Juno 21 



I 



Remarks. 



Died July 4. 

Alive August 17. 

Alive Auojuat 11, but unthrifty. 
Died July 18. 



Died April 11, iroui some unknown dia* 
case. 

Died July 21, of hog cholera. 

Died Juue 21, of hog cholera. 

Died April 13, from samo disease «s ^'<'' 
203. 



* These animals were one and a half months old at date of inoculation. \ Checks. 

Uooperiment 7. — Having determined that even large doses of M^^^ 
cultures of the bacillus of hog cholera can be borne without produc 
ing the disease in most cases, it was thought advisable to make two in- 
oculations of strong virus, a first one with a small quantity and a second 
with a large quantity. 
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First inoculation, April 21 : Nos. 214, 227, 223, and 222 received i 
cubic centimeter of a tbird culture in beef infusion containing 1 per 
cent, each of peptone and glucose. The liquid was diluted with sterile 
salt solution, eo as to make i cubic centimeter. It was injected, one- 
half beneath the skin of each thigh. After waiting two weeks, in order 
to determine whether the inoculation had not produced disease, a second 
injection was practiced May 6, the thirteenth and fourteenth cultures 
of the same series being used for this purpose. The animals received 
1, IJ, 2, and 2J cubic centimeters of the culture liquid, respectively. 
Ko untoward results following the injection of these large doses, they 
were transferred to the large infected pen May 25. 

A second lot (Nos. 22G, 228, 215, and 229) were treated in precisely the 
same way and at the same time, excepting in receiving J cubic centi- 
meter for the first dose instead of J cubic centimeter. 



No. 


First 

inoculation, 

Apr. 21. 


Second 

inoculation, 

May C. 


Expos- 
ure in 
infected 
pen. 


214 


e.c. 


e.e. 

1 


May 25 


227 




1* 


... do 


223 




2 


...do.... 


232 


i\ 2J 


...do 


226 




1 


...do 


228 




IJ 


...do 


215 




2 


...do 


229 




2i 


.. -do 


*224 
*225 


1 


... do 


1 
1 


.. .do ... 







Time of 
death. 



Daj's 
after first 
exposure. 



July 1 
June 27 
July 2 
July 1 
July 3 
July 13 
July 10 
June 27 
Aug. 4 
June 27 



37 
33 
38 
37 
39 
49 
4G 
33 
71 
33 



* Checks. 

Ko. 214, being in a dying condition July 1, was killed. In the caecum 
and colon were found very large, deep, blackish ulcers upon a pale mu- 
cosa. The case was evidently one of chronic hog cholera. A pure 
liquid culture of the hog cholera bacillus was obtained from the spleen. 

Ko. 227 died June 27. The lymphatic glands were deeply congested ; 
the mucosa of large intestine was generally pigmented and covered 
with large blackish ulcers. Small yellowish ulcers were also found in the 
ileum. The points of injection were occupied by encysted, partly lique- 
fied masses. 

Ko. 223 was found dead July 2. At the points of injection encysted 
masses were found, the conteutsof one of which were discharging through 
an opening in the skin. The mucosa of the entire large intestine deeply 
congested. Scattered ulcers of varying age and size in the caecum and 
colon. Bacilli in spleen, 

No. 232, after a period of unthriftiness, was found dead July 1. The 
autopsy revealed a chronic broncho-pneumonia, with pleuritic adhesions 
of right lung. The mucous membrane of the caecum and colon, besides 
being studded with a large number of shallow ulcers, was deeply and 
uniformly congested, the congestion involving also the lower portion of 
the ileum. On both thighs an encysted semi-liquid mass indicated the 
seat of the inoculation. 
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Of the S'^cond lot, which had received i cubic centimeter of the first 
inoculation, all succumbed to the infection. 

No. 226 died July 3. The characteristic lesion was extensive ulcera- 
tion, together with deep congestion of the mucosa of large intestine. 
Encysted masfees at the points of inoculation. A considerable number 
of hog cholera bacilli in the.spleen. 

No. 228 died July 13. In this animal the mucosa of caBcum and colon 
presented a continuous mass of necrosed blackish tissue, the ileo-csecal 
valve being enlarged to twice the normal size. A few scattered yellow- 
ish ulcers in the lower portion of the colon. 

No. 215 died July 10, probably affected in the same way, though no 
postmortem examination was made. 

1^0.229 died July 27. In this case the lymphatic glands were in 
general deeply congested; ecchymosis beneath the serous membranes. 
Pigmentation oftliemucousmembraneof the stomach, duodenum,ileum, 
and large intestine from former extravasations. Several large ulcers 
on the valve and some others in colon. Dicers in the cardiac portion 
of the stomach. Encysted masses at the point of inoculation. 

NoH. 224 and 225 were penned with the above eight animals as checks. 
No. 225, after being sick for a few days, was found dead June 27. The 
mucosa of the cajcum and upper half of the colon was extensively pig- 
mented and ulcerated, the lower half deeply congested. The ileum ul- 
cerated for 5 or (> feet from the valve. Many of the ulcers were so deep 
asto have produced inflammation of the serous membrane and thickening 
of the intestinal walls. The othercheck (No. 224) lived over two mouths 
after exposure, being unthrifty during this period. On postmortem ex- 
amination the mucosa of large intestine was considerably pigmented, 
and scars of healed ulcers were present. A large suppurating wound 
of the low^er jaw, involving the bone, may have contributed towards 
the fatal issue. 

Experiment 8. — These inoculations having failed to produce immunity 
from natural infection, another experiment was tried by augmenting 
the dose of strong virus used for the second inoculation. Thus Nos. 
239, 242, 244, and 245 received each J cubic centimeter for the first in- 
oculation May 27, No. 243 being retained in the same pen as a check. 
Of these No. 239 died of hog cholera as the result of the inoculation. 
The remaining three, received two weeks later, on June 10, 2 cubic cen- 
timeters each of strong virus. The cultures were prepared in beef in- 
fusion with 1 per cent, peptone. They were usually the third or fourth 
culture, not more than onejlay old. A second lot (Nos. 240, 254, 255, 
and 256) were inoculated at the same time and in the same way, with 
this exception, that the second dose was increased to 3 cubic centime- 
ters. On June 24 all were placed in the large infected pen. 

No. 239 died June 2, within six days after receiving J cubic centime- 
ter of the culture, and as a result of the inoculation. The lesions were 
those of a very acute case, engorged spleen and lymphatics, intense con- 
gestion of the mucosa of the large intestine and of the intestinal tract 
in general. The lungs were likewise engorged and dotted with extrava- 
sations. This animal was eating and apparently well on the morning 
of death. The spleen was crowded with bacilli of hog cholera, and pure 
cultures were obtained from it. 

No. 242 died July 17. The characteristic lesions of hog cholera were 
found in it; extensive ulceration of the caecum and colon; engorgement 
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of spleen and lymphatic glands with blood. Encysted masses at the 
point of inoculation. No. 224 succumbed July 9 with practically the 
same lesions, besides the presence of a considerable quantity of serum 
in the abdominal cavity. 

The check to this lot died July 13. The depth of the ulcerations in 
the caecum and colon had implicated the serous covering, so that adhe- 
sions had formed between the caecum and abdominal walls. Puuctiform 
ecchymosis on serosa of ileum; the mucosa not atfected. The mucosa 
of cflBcum was found completely ulcerated, the necrosis stopping ab- 
ruptly at tbe edge of the valve; iu the colou the necrosis resolved itself 
into large isolated ulcers. 

Of the second lot, No. 240 died July 10. At the place of inoculation 
a firm pale yellowish mass, about 1 inch long, was found. The lower 
portion of ileum, the caecum, the upper portion of colon, contained ul- 
cers of different sizes. The duodenum was occluded by a clot of blood. 
No. 254 died the same day, with lesions of a simihir character. No. 255 
died July 20. The spleen in this case was greatly augmented in size 
and gorged with blood. The right lung was congested and adherent to 
wall of thorax ; considerable eifusion in this pleural sac. The caecum 
and upper portion of colon covered with deep blackish ulcers. A few 
small ulcers in ileum. 



No. 


]?irst 

inocnlation 

May 27. 


Second 

inoculation 

June 10. 


Expos- 
ure in 
infected 
pen. 


Time 
of death. 


Davs 
after first 
exposure. 


239 
242 
244 
245 

*243 
240 
254 
255 
256 

*253 


c,e. 
h 

4 


C.C. 




June 2^ 
July 17 
July 9 




2 
2 
2 


June 24 

...do 

...do . .. 


23 
15 


. . -do 


July 13 

July 10 

...do ... 

July 20 


19 
16 
16 
26 




3 
3 
3 
3 


...do 

.. do 

... do 

do • . . 












1 ' 



*Checlf. 



t From inoculation. 



The foregoing experiments demonstrate the important fact that pigs 
can not be made insusceptible to hog cholera by subcutaneous injec- 
tions of pure cultures of hog cholera bacteria, according to the method 
used by Pateur in anthrax vaccination. They show how injudicious it 
is to draw conclusions extending to infectious diseases in general from 
experiments made upon one disease only. 

THE EFFECl' OF FEEDING SMALL QUANTITIES OF CULTURES. 

It has been already demonstrated (p. 107) that hog cholera can be pro- 
duced in pigs by feeding such as had been starved for a day with con- 
siderable quantities of cultures of the specific bacteria. From 200 to 
400 cubic centimeters of a beef-infusion culture were necessary to de- 
stroy the animal. 
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Assuming that small doses may produce a mild form of the disease, 
it seemed worth while to determine whether animals which had been 
fed wiih small quantities of culture material would resist infection when 
placed with sick animals in thoroughly infected pens. The following 
experiment shows that even after this treatment pigs are still suscepti- 
ble to the disease : 

Nos. 379, 380, 381, 382, and 370 were starved for thirty- six hours and 
then fed pure cultures of hog cholera bacteria in simple beef infusion. 
The quantities given are tabulated below. They were diluted with 
'>eef broth to facilitate feeding. 



No. 



A.fie, (Tan- 
uary 21. 



380 

379 

382 

881 

370 

t383 

t387 

t394 

t399 



5 months 
. ... do . . . . 

do 

do 

» • • ■ 1X\/ • • • • 

4 months 

— do 

....do .... 
do 



Saantity 
culture 
liquid fed. 



e.e. 



10 
20 
40 
CO 
100 



Placed in 

infected 

pen. 



Apr. 15 

...do 

. . . do 

.. .do ... . 
...do 

Apr. 10 
...do 

Apr. 30 
...do.... 



Died in 

infected 

pen. 



June 20 
May 24 
May 10 
May 31 
Apr. 20* 
Mav 11 
Apr. 30 
May 17 



No. 

of days 

after ex.- 

posure. 



66 
39 
25 
46 
5 
22 
11 
17 



* From injury. 



t Checks. 



All appeared to be affected by the feeding on the following day bj 
refusing food more or less. Slight improvement on the second day, with 
the exception of 381. On the third day 381 still very ill. On the fourth 
day 382 seems more affected than 381. Within the next few days 382 
refuses food, the rest eat. In the second week they had recovered. 
The growth of 382 was materially checked by the feeding, so that it 
had not gained any weight even after several mouths. 

April 15 the^'' were transferred to a pen infected with hog cholera, in 
which acute cases had lately appeared. A number of check animals 
were transferred to the same pen soon after. The result may be briefly 
summed up as follows: 

iTo. 379 began to fail from May 10 and died May 24. Lymphatic 
glands generally enlarged and congested ; those of mesocolon very 
much so. Spleen very much enlarged; quite firm. Large number of 
yellowish coagula in abdominal cavity. Adhesions between caecum 
and adjacent organs. Liver very much cirrhosed ; gives a gritty sen- 
sation when cut. Several deep, extensive ulcers from 1 to 2 inches 
across in caecum, involving the serous membrane. In lower colon and 
rectum considerable congestion and hemorrhage. Lungs normal, with 
exception of a few subpleural ecchymoses. Both sides of heart filled 
with white thrombi. This animal, therefore, had chronic hog cholera, 
which, no doubt, caused the fatal peritonitis. 

No. 382, the stunted pig, showed signs of the disease May 1 and died 
May 10. Very emaciated ; connective tissue of body stained deep yel- 
low. Spleen very large and full of blood. Lymphatics but slightly 
enlarged and reddened. Considerable yellow serum in abdominal 
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cavity. Bight heart filled with dark and washed clot. Lungs normal, 
excepting a few subpleural ecchynioses. Extreme cirrhosis of liver. 
Mucosa of great curvature of stomach deeply congested, mucosa of large 
large intestine iu patches. 

No. 381 took sick soon after its removal to the infected pen, but the 
disease seemed to be mild until it was found dead May 31. Animal 
with a fair quantity of fat. Skin of ears, pubis, and throat deeply red- 
dened. Lymphatic glands generally enlarged and infiltrated with blood. 
Spleen very much enlarged, but tissue quite firm. Lungs hypostatic ; 
no hepatization. Epicardium covered with pale spots of extravasation. 
Liver partially sclerosed; hepatic ducts filled with viscid yellow bile. 
Medulla of kidneys dotted with petecchiae. Mucosa of large intestine 
apparently normal. In the lower colon the feces are blood-stained, and 
occasional small clots are loosely attached to mucosa. 

No. 370 was injured by fighting after being transferred to the infected 
pen so as to be scarcely able to stand, and died April 20. On both 
hind limbs there was extensive extravasation in the subcutis. The super- 
ficial inguinal glands were deeply congested. Spleen enlarged and 
congested. A moderate number of bacteria present, which are not hog 
cholera bacteria as shown in cultures. Left lung collapsed, reddened 
in part and adherent to chest wall by a plastic exudate. Centers of 
acini of liver deep red, tissue soft. Kidneys congested. Stomach con- 
gested along fundus ; digestive tract otherwise normal. This animal 
died from injury to limbs and lung, and there may have been septic 
infection as indicated by bacteria in the spleen. 

No. 380 became ill May 6, died June 20. Decomposition advanced. 
Lungs and glands normal. Liver small, sclerosed. Superficial necrosis 
in caecum and upper colon with cicatrices of healing ulcers. 

Gelatine tube cultures from the spleens of 382, 383, and 397 showed 
innumerable colonies of hog cholera bacteria. Cultures from the spleen 
of 381 remained sterile. A larger number of cultures would probably 
have shown their presence. 

As to the fate of the check pigs exposed with the preceding lot very 
little need be said. 

No. 383 had been fed with 250 cubic centimeters of a beef-infusion 
culture of the hog cholera bacteria from Nebraska as far back as De- 
cember 19. It recovered, however, after an illness of three or four days. 
March 16 it received a tracheal injection of swine plague bacteria, with- 
out any untoward result. It was exposed to hog cholera as a check 
April 19, and died very suddenly May 11. It had hemorrhage in sub- 
cutis, lungs, lymphatic glands, in stomach, small and large intestine. 
In the caecum there was an ulcerated patch about 2 inches across. Its 
base was very firm and nearl^^ one third inch thick. Was the ulcer the 
result of the feeding five months ago? 

No. 387 became very dull and off feed one week after its removal to 
the infected pen, and died April 30. Skin of abdomen reddened. Lym- 
phatics generally hemorrhagic. Ecchymoses on lungs. Extravasations 
in medulla of kidneys. Beginning ulceration in large intestine. Con- 
gestion and slight hemorrhage in fundus of stomach. 

No. 394 died May 17 after a few days of dullness. Hemorrhagic con- 
dition of spleen and lymphatic glands. Inflammation and extravasa- 
tion in stomach. Ulceration and intense congestion of large intestine. 
Ecchymoses beneath pleura of lungs. 

No. 399 was alive and apparently well June 15. Hog cholera bacteria 
were found in the spleen of 387 and 394, especially numerous in the 
latter. They were not looked for in 383. 
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There was uo protection from the feeding of cultures even in those 
animals which were most severely affected thereb3^ There was, how- 
ever, a marked difiference between this lot and the check animals, la 
that the latter died of the most severe septicaemic or hemorrhagic type 
of the disease, while the former succumbed to a chronic infection. If 
we take the average duration of the disease in the pigs fed with cult- 
ures and those not fed, the ratio will be approximately as 19 to 8 or as 
2J to 1. These figures indicate a considerable retardation of the fatal 
issue, which is equivalent to a partial immunity. Another fact of im- 
portance needs to be considered in connection with these figures. Three 
Of the pigs fed with cultures were affected with a more or less advanced 
cirrhosis of the liver and the post-mortem notes will show that this liver 
disease largely contributed to the death of the animals. An important 
question arises in this connection as to the origin of the cirrhosis. It 
may have been due to the feeding of the cultures. If so, the remedy 
would be as bad as the disease. But even setting aside this possibility, 
the method of feeding living bacteria can only have a theoretical im- 
portance in leading to other methods. It not only scatters the living 
virus, but it may induce ulceration in the large intestine which, while 
not recognizable, maybe slowly destroying the animal. 

INJECTIONS OF STERILIZED CULTURE LIQUID TO PRODUCE IMMUNITY. 

Bacteriological investigations of the past few years have shown pretty 
conclusively that during the multiplication of pathogenic bacteria there 
are formed chemical substances or ptomaines which are poisonous to the 
animal economy. The researches of Brieger have done more than any 
others to confirm this theory. It is now generally believed that it is 
these poisons which produce such grave symptoms in infectious diseases 
rather than any other vital manifestation of bacterial growth. In the 
spring and summer of 1886 Sirotinin made some experiments (Zeit- 
schriftfUr Hygiene, I, 4G3) with the bacillus of typhoid fever, in which 
he endeavors to show that the smaller experimental animals can not be 
infected by this bacillus, but that death caused by injection, subcuta- 
neously or otherwise, must be attributed to an intoxication caused by the 
presence of a ptomaine in the cultures. The results actually proved 
that the injection of sterilized cultures may produce death accompanied 
by lesions resembling those produced by living bacilli. Beumer and 
Peiper {Zeitschrift filr Hygiene, II, p. 110), after a long series of experi- 
ments, are brought to the same conclusion, that the typhoid-fever or- 
ganism does not multiply in the body of smaller experimental animals, 
that there is, indeed, no true infection, and that the severity of the symp- 
toms depends entirely upon the quantity of culture 'material injected; 
in other words, upon the quantity of the poison or ptomaine therein 
contained. They also point out the important fact to which we wish 
to call attention, that death does not follow the iujeciion of large doses 
if small non-lethal doses have been given previously, and from this 
fact they argue that perhaps immunity may fiaally be brought about 
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by the iujection of sterile cultures in successively^ larger doses. That 
the chemical products of bacterial growth may produce immunity is no 
new theory, but it seems to have gained ground but recently among in- 
vestigators. 

TESTS WITH STERILIZED CULTURES ON PIGEONS. 

In our experiments pigeons were selected at first, because more easily 
obtainable and manageable. They proved, however, a very good choice, 
since they do not take the disease readily and thus are made insuscepti- 
ble by small doses of culture liquid. A culture in beef infusion, con- 
taining 1 per cent- peptone, in which active multiplication of bacteria 
ceases in a few days, is fatal to adult pigeons, as a rule, when three- 
fourths of a cubic centimeter is injected subcutaneously over the pec- 
toral muscle or superficially into the muscle itself. The intramuscular 
injection is more rapidly fatal. The effect of these inoculations has 
already been dwelt upon, but it is restated here on account of the im- 
portant principle involved. 

The pigeon, after such an injection, may be dead within twenty-four 
hours. The inoculated pectoral muscle is more or less discolored 
throughout its depth. There may be a regurgitation of food from the 
crop, as grains are found mixed with mucus in the mouth and oesoph- 
agus. The injected bacteria are present in small number in heart's 
blood, liver, and spleen. 

About one half of the pigeons do not die so soon. The bird stands 
quietly in a corner of the coop, with feathers ruffled, wings slightly 
separated, and tail feathers drooping. The discharges are usually ab- 
normally liquid, at times mixed with considerable mucus. The bird 
usually dies within a week. The pectoral muscle will then be found 
extensively necrosed, the surrounding tissue very hyperaemic. The in- 
jected bacteria are found, sometimes in considerable number, in the 
liver and heart's blood. 

The rapidly fatal cases might be regarded as the result of simple 
intoxication or ptomaine poisoning. There is, however, some bacterial 
multiplication. In the more chronic cases there is an undoubted infec- 
tion, characterized by multiplication of bacteria in the internal organs. 
Pigeons are far more susceptible in winter than in summer, conse- 
quently in the heat of midsummer the control animals occasionally 
resist and thus impair the value of the experiments. 

The experiments were carried out as follows: 

Culture tubes containing about 10 cubic centimeters of beef infusion 
with 1 per cent, peptone were inoculated with hog cholera bacteria and 
placed in the incubator at 340-3Go C. After a certain number of days, 
varying from three to ten, the tubes were exposed to a temperature of 
580-GOoO. for about one hour. Inoculation of fresh tubes showed that 
bacteria had been destroyed. This test was always resorted to to make 
sure that no living bacteria were injected. 
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From 1 to 1.5 cubic centimeters of this culture liquid were injected with 
a hypodermic syriuge beneath the skiu of one pectoral muscle. This in- 
jection was repeated once or twice. Some days after the last injection 
the bird was inoculated with living bacteria. About f cubic centimeter 
of a beef infusion peptone culture was injected beneath the skin of tbe 
other pectoral or into the sui)erficial layer of muscular fibers. The vac- 
cinated pigeons remained alive and well ; the control pigeons nearly all 
died. These statements are best illustrated by the tabulated Results of 
a few experiments. 

The first one, made in January, 1880, is given below. The control 
bird and the one which had received a very small quantity of sterile 
culture liquid died within two days after the test inoculation ; the rest 
were well more than a week later. 



I.— ie86-'86. 



No. 


lujection of 


— 




1 

Kemarks. 


sterilized culture liquid. 




Culture 
liquid con- 
taining 
living 
bacteria. 


Dec. 24. 


Jan. 21. 


Jan. 29. 


Feb. 6. 


Total. 


Feb. 13. 


c.c. 


c.c. 


c.c. 


c.c. 


c.c. 


c.c. 




10 


.4 


1.5 


1.5 


1.5 


4.9 


1 


WeU February 20. 


11 




1.5 


1.5 


1.5 


4.5 


1 


Do. 


12 




1.5 


1.5 


1.5 


4.5 


i 


Do. 


13 




1.5 




1.5 


3. 


1 


Do. 


8 


.8 








.8 


i 


Died in forty-eight hours. 


14 




■ • • • • • ■ • 








1 


Died in twenty-four hours. 



A second series of injections, made to confirm these rather remarkable 
results, was equally unequivocal in its answer: 



II.— 1886. 



No. 

16 
17 
18 
19 
20 
21 
22 
23 
24 


St 


Subcutaneous injection of— 


Kemarks. 


erilized culture liquid. 


Fresh cult- 
ure liquid. 


Feb. 19. 


Feb. 24. 


Mar. 2. 


Total. 


Mar. 8. 


c.c. 
1 

1 
1 
1 

1 

1 


c.c. 

1 
1 
1 


c.c. 


c.c. 
2| 
3 
3 
2 
2 
2 


c.c. 

i 

4 

i 
1 


Well after several weeks. 

Do. 

Do. 

Do. 

Do. 

Do, 
Dead March 9. 

Do. 
Kemained well. 
















1 
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The third control bird (No. 24) was of a diflferentrace of pigeons. A 
good authority consulted at the time regarded it as having some of the 
characters of the carrier pigeon. Leaving this aside, tbe result is suf- 
ficiently convincing. 

In a series of experiments made more recently, cultures were used 
which had been concentrated by evaporation in vacuo. About 100 cubic 
centimeters of beef infusion, containing 2 per cent, peptone and one-half 
per cent, sodium chloride, was inoculated and kept in the incubator for 
five days. It was then reduced to 20 cubic centimeters by evaporation 
at 40O C, and sterilized at 60° C, for three-quarters of an hour. Sub- 
sequent inoculation of fresh tubes showed that the liquid was free from 
living bacteria. The injections were made as usual, the needle entering 
the pectoral muscle very superficially. 

III.— 1887. 



Ko. 

1 
2 
3 
4 
5 
6 
7 
8 
9 


Sterilized concentrated culture 
liquid. 


Fresh 

culture. 

liquid. 


Remarks. 


Apr. 19. 


Apr. 22. 


Equivalent 

of ordi- 
nary cult- 
ure fluid. 


Apr. 25. 


c.c. 
i 
i 

i 
1 

1 

1 


c.c. 
i 

i 

i 


c.c. 

2* 

2i 

2i 

5 

5 

5 


c.c. 

i 

i 
1 
1 
i 
i 
i 
i 


Well May 31. 

Do. 
Slightly ill April 26; well May 31. 
Well May 31. 

Do. 

Do. 
Died April 26, 9 a. m. 
Died April 26, 1 p. m. 
Died April 30. 



























In order to determine whether the introduction of sterilized culture 
liquid into the digestive tract of pigeons would be equally efficient in 
giving them immunity, three pigeons were fed on three days (Septem- 
ber 8, 10, 13), each receiving about 30 cubic centimeters in all. The cult- 
ure liquid consisted of beef infusion, to which 1 per cent, peptone had 
been added. The feeding was carried out by introducing a catheter into 
the pigeon's crop and injecting through this by means of a syringe. On 
September 16, three days after the last feeding, these three pigeons and 
two checks were inoculated with J cubic centimeter of unattenuated 
culture liquid. The three fed pigeons and one check died from the ef- 
fects of the inoculation, the second check was well September 29. Tbe 
blood and liver of ^o. 1 were examined by adding a few loops of heart's 
blood and a minute piece of liver tissue to two roll-cultures. In each 
about 50 colonies developed. In the liver of No. 2 bacteria were very 
numerous. The feeding therefore had no effect whatever in conferiing 
immunity. 



168 



IV. 



Fed with sterilised cultures five 
days and nine days old. 


Ko. 


1 
Sept. 8 Sept. 10 ^ Sept. 13. 

1 1 1 


1 


e. e. 
10 


10 


e.e. ' 
10 


2 


10 


10 


10 

1 


3 


10 


10 10 


4 
5 








1 






1 



Inoculation of 
unheated 

culture liquid 
Sept. 16. 



e.e. 



I 



Bemarks. 



Dead September 17. 
Dead September 23. 
Dead September 24. 
Died September 19. 
Well September 29. 



The protected pigeons very rarely show any signs of illness. They 
are as active and. as eager for food as before the final inoculation. In 
all a small sequestrum is formed in the pectoral muscle, where the 
injection has been made, and this, at the end of a few weeks, is sur- 
rounded by a dense membrane which seems to act as an absorbing 
surface for the sequestrum. ISo indication of any reaction is found on 
the side into which the sterile cultures are injected. The three tables 
may be summarized as follows : Of twenty-four pigeons sixteen received 
sterilized cultures, eight being reserved as checks. Of the former none 
succumbed to the final inoculation ; of the latter seven, or 87.5 per cent. 

The conclusion to be drawn from these experiments is obvious. The 
birds are protected by the injection of sterilized cultures so as to resist 
a fatal dose of living bacteria. The sterilized cultures contain only the 
products of bacterial growth. Among these the ptomaine-like bodies- 
some of which we now know, owing to the researches of Brieger — are 
very likely the agents that produce immunity. 

In the pigeon the mode of infection before and after vaccination is 
I)robably as follows : The injected bacteria multiply very actively in the 
muscular tissue; the ptomaine there produced may enter the circula- 
tion in quantities large enough to produce speedy death. If the animal 
resists for a time, the absorbed ptomaine reduces the vitality of the 
tissues to such a degree that bacteria, entering the circulation, begin 
to multiply in the internal organs. The additional quantity of ptomaine 
thus produced finally kills the bird. 

When ptomaines in culture liquids have been previously introduced 
the first shock caused by the local production of ptomaines in the mus- 
cular tissue is overcome. The bird resists successfully general infec- 
tion until the bacteria have been destroyed locally. The process is then 
checked, and the sequestrum in the muscular tissue becomes encysted. 

It has already been stated (p. 69) that rabbits, mice, and guinea-pigs are 
very susceptible to the inoculation disease, a millionth of a cubic centime- 
ter of culture liquid being sufficient to cause a fatal issue. Experiments 
like those on pigeons were made upon rabbits with slightly larger doses, 
but no iqimunity was gained thereby, The rabbits succumbed invariably 
^ftei* fnocv^latiQu. ^See feport of pepaytment Agriculture for J886,p, 
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637.) In the liglit of later experiments* made iu Pasteur's laboratory, 
the failure of the method in case of rabbits must simply be ascribed to 
the small quantity of culture liquid used. In the experiments there re- 
corded from 80 to 120 cubic centimeters of culture liquid were required 
to protect guinea-pigs from malignant cedema, while in our rabbit ex- 
periments only 5 to 6 cubic centimeters were used in all. We did not 
delay, Tiowever, with the further demonstration of this principle upon 
small animals, and applied it experimentally to pigs. The quantities 
injected were not sufficient, however, and the animals took the disease, 
as the following experiments show: 

TESTS WITH STERILIZED CULTURES ON PIGS. 

Experiment 9. — In order to test the effect of heated cultures upon 
pig?, the following experiments were made March 1 : Two animals (Nos. 
162 and 173) received hypodermically each 9 cubic centimeters of a sec- 
ond and third culture, twelve and thirteen days old, respectively, which 
had been devitalized by heat. March 9 a second dose of 9 cubic centi- 
meters was given in the same way, using a fifth and eighth culture 
eighteen and fourteen days old, respectively. These cultures were 
made in beef infusion containing 1 percent, peptone, excepting one, 
. which contained about 2 per cent, of blood serum in place of the pep- 
tone. After the second inoculation of No. 162 a swelling appeared on 
one side. Both were fed with viscera infected with hog cholera, and 
placed with sick and dying pigs in a large infected pen. No. 162 was 
found dead March 29, and No. 173 April 5. The appended table and 
notes give a summary of the experiment : 



No. 

102 
173 


Mar. 1. 


Mar. 9. 


Total. 


Fed. 


Died. 


No. of day8 
after feed- 
ing. 


•c.c. 
9 

9 


c.c. 
9 

9 


c. c. 
18 

18 


Mar. 19 
Mar. 19 


Mar. 29 
Apr. 5 


10 
17 



No. 162. Subcutaneous fatty tissue much reddened. Mucous mem- 
brane of stomach considerably ulcerated : mucous membrane of small 
intestine deeply congested. Foi 8 or 10 feet above the ileo-caecal valve 
the mucous membrane of ileum is completely necrosed. Large ulcers 
in caecum and upper portion of colon. 

No. 173. Subcutaneous fatty tissue slightly reddened. Petecchise un- 
der pulmonary pleura. Extravasations under serosa of csecum and 
colon. Inflammatory adhesions of large intestine with walls of abdo- 
men. A patch of extravasation beneath peritoneal layer of dorsal ab- 
dominal wall nearly 2 inches across. Spleen very much enlarged and 
softened. The mucous membrane of large intestine and several feet of 
ileum necrosed and breaking down. Fundus of stomach deeply con- 
gested. 

This experiment clearly showed that this method was no protection 
to the animal when the latter was infected by feedipg, 

-»i .1. . , — ; . ' ",'%P 

*4nnale8 ^^ VJnstitut Pasteur^ Pec^mber^ lb87, January^j 1888, 
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It now became necessary to determine whether this method would 
confer immunity npon animals simply exposed to the disease by cohab- 
iting with diseased animals in infected pens. Observations made upon 
other diseases by investigators, and by ns upon this disease, seem to 
lead to the iuference that it frequently depends on the quantity of virus 
introduced into the system whether the disease will make its appear- 
ance or not. In feeding, this quantity is considerable; in simple ex- 
posure in infected pens to diseased pigs, the amount of virus taken into 
the body with the food and drink is necessarily in small and repeated 
doses. The following was therefore planned : 

Erperiment 10. — Four pigs (l^os. 163, 164, 177, and 196) were inocu. 
lated March 13 with heated virus, each receiving 4J cubic centimeters 
beneath the skin of each thigh. The cultures in beef infusion with 1 
per cent, peptone were about fifteen days old when heated. The second 
inoculation was made March 16 from a culture in an Erlenmeyer flask 
about eleven days old, and containing about 50 cubic centimeters of 
culture liquid. Each animal received 10 cubic centimeters as before. 

March 31 these animals, together with two check pigs (Nos. 195 and 
201), were placed in a large infected pen. Within a period of three 
weeks from this date at least fifteen pigs died of hog cholera in this 
pen. The two check animals died on the 14th and 19th of April, re- 
spectively. Of four vaccinated animals only No. 163 showed signs of 
the disease and gradually developed into a chronic case, dying of general 
debility on May 1. The three other vaccinated animals remained ap- 
parently well for months after, although constantly exposed to the dis- 
ease in the infected pen. 



No. 

163 
164 
177 
190 
195 
201 


Vaccination. 


Ezposnre. 


Died. 


Number days after exposure. 


Mar. 13 


Mar. 10 


c. c. 
9 

9 

9 

9 


c. e. 

10 

10 
10 
10 


Mar. 31 


May 1 


Thirty-one days. 

Three months and twenty-three days. 
Three months and seven days.- 
Nineteen days. 
Fourteen days. 


Mar. 31 

.. .do 

. . . do .... 


July 23 
July 7 
Apr. 19 
Apr. 14 






... do .... 









Autopsy notes, — ^o. 1G3. Spleen not much enlarged ; texture firm ; 
effusion into pericardial and thoracic cavity 5 lymphatic glands enlarged 
but pale; two ulcers in stomach; small intestine normal; mucosa of 
caecum and colon studded with many extensive and deep, yellowish 
ulcerations. On cover-glass preparations of the spleen only a few bac- 
teria could be seen. Two liquid cultures inoculated from tbe same organ 
remained sterile. No colonies appeared in the gelatine tube inoculated 
with blood from the heart. A few developed in the gelatine tube inoc- 
ulated from the spleen. 

No. 195. Spleen greatly enlarged; gorged with blood; very friable; 
shreds of a fibrinous exudate on serosa of intestines ; much serum iu 
abdominal cavity ; petecchise on epicardium of auricles ; small ventral 
lobes of lungs hepatized ; mucous membrane of gall bladder ulcerated ; 
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extensive ulceration and iDflamtnation of mucous membrane of caecum 
and colon. Hemorrhagic inflammation of kidneys. 

iN'o. 201. Spleen but slightly enlarged ; lungs extensively hepatized; 
intense congestion and commencing ulceration of the mucosa of large 
intestine ; stomach and portion of ileum similarly congested. Though 
no bacteria were found on a cover-glass preparation, a pure culture was 
obtained by carefully dropping a piece of spleen tissue into a culture 
tube. This was tested on gelatine. 

Alter apparently resisting the infection for several months, the remain- 
ing pi^TS (Nos. 164, 177, and 196) were transferred to a clean pen. No. 
177, not very thrifty, began to decline, and finally died July 23. Among 
the most prominent lesions were a plastic exudate on the cpicardium 
and numerous large old ulcers in the large intestine. The mucosa itself 
was extensively pigmented. No. 196, on removal from the infected pen, 
seemed in good condition, but it died July 7, alter some days of 
unthrifty condition. In this case, the mucous membrane of the large 
intestine was pigmented and there were what appeared to be cicatrices 
of old ulcerations. In all of the large serous cavities there was con- 
siderable effusion. In cover-glass preparations of the spleen there were 
no hog cholera bacteria to be seen, but numerous bacilli resembling 
those of malignant (Bdema. 

Experiment 11 was made in the same way upon Nos. 197 to 200, in- 
clasive, and No. 157. March 24 each animal received in the thigh about 
10 cubic centimeters of a mixture of heated cultures in beef infusion with 
1 per cent, peptone about fourteen days old. March 29 an equal amount 
was injected, one-half into each axilla, these cultures being about fifteen 
days old. These animals were kept until April 20, when all but No. 167 
were placed in the large infected pen. From that date on pigs died almost 
every day of the disease, so that the infection must have been quite 
tborough. Unfortunately no check animal was exposed at the same 
time. In these animals the slight swelling at the seat of inoculation 
disappeared in a few weeks. 

They remained well, with the exception of No. 199, which became 
Emaciated and was found dead May 19, about one month after exposure. 
Tbe three remaining animals were apparently unaffected nearly two 
months after exposure. At this time No. 197, which appeared rather 
thin, was killed, to determine if any ulceriitions were present. But the 
mucous membrane of the intestine was entirely normal, with no indi- 
cations of former ulcerations. 





Injection of heated 


. 


No. 


vims. 


Time of 
exposure. 


Kemarks. 


197 


Mar. 24 


Mar.^ 29 






c.c. 
10 


c.e. 

10 


Apr. 20 


Killed Jnne 10; 








h-ealthy. 


108 


10 10 


...do... Wt'UJunelO. 


190 


10 10 


...do .... Died May 19. 


200 


10 10 


...do..-. Died July 12. 


157 


10 10 


May 25 Died Juno 28. 

1 



16612 H c- 



11 
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Autopsy. — No. 199. Slight extravasation in subcutaneous coiiDectiTe 
tissue. Spleen somewhat enlarged, filled with blood, friable; consider- 
able effusion in peritoneal cavity. Eight lung in part hepatized ; pleu- 
ritic adhesions to chest-wall; hemorrhage in and about pelvis of kid- 
neys; lymphatic glands purplish ; extensive and deep ulceration of the 
mucosa of large intestine. 

Pig 197, killed for examination, was very auaBmic. There was some 
pale serum in abdominal cavity. The kidneys and lymphatic glands 
showed evidence of chronic inflammation. The lungs were exceedingly 
pale. No evidence of inflammation or ulceration in any portion of the 
intestinal tract. 

It must be borne in mind that these animals were constantly exposed 
for a period of several months to the virus of the disease, and that a 
continual struggle between the organism and the invading parasites 
must have been going on, which naturally would tend to lower the vi- 
tality. Such severe conditions as these are probably never realized 
among herds. 

The later history of No. 200 does not, however, bear out the first 
supposition that complete immunity was attained. After being contin- 
ually exposed in the infected pen from April 20 to June 21 it was re- 
moved to a clean pen, where it continued to grow very weak. It died 
July 12. The autopsy revealed a plastic pleurisy over the right lung 
and a fibrinous exudate upon the epicardium. The mucosa of the csecum 
was extensively necrosed ; in the colon the ulcers were isolated ; the 
solitary follicles were very prominent. A small bit from the epicardial 
exudate was placed beneath the skin of two mice. One of them died 
on the eighteenth day. The spleen was greatly enlarged . Numerous hog 
cholera bacteria were present in this organ and the liver. The epicard- 
ial exudate of the pig must have contained but very few, for they could 
not be demonstrated in cover-glass preparations. The long period of 
time from the inoculation of the mouse to its death is also evidence of 
a very small quantity of virus. 

No. 157, inoculated with the rest, became quite lame in the hind limbs, 
so that it was thought best not to expose it to the disease in the infected 
pen for the time being. It soon recovered its power of locomotion, and 
was transferred to the infected pen May 25 and removed therefrom 
June 28. In the new pen it grew rapidly weaker, and died June 28. 
On postmortem examination the right lung was found entirely hepatized 
and adherent to the chest- wall. The mucosa of caecum and colon was 
studded with large and deep ulcers; that of the fundus of stomach was 
deeply congested. 

Experiment 12. — It became desirable to determine whether repeated 
subcutaneous injections of heated cultures, until a large amount had 
been introduced into the system, would be more efficacious in produc- 
ing immunity. For this purpose the culture liquids were concentrated, 
by using a 2 per cent, solution of meat extract with 2 per cent, peptone 
for some of the injections ; for the remainder a 2 per cent, solution of 
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peptone in beef infusion. The cultures were made in Erlenmeyer flasks, 
plugged with cotton wool. 

'The table given below gives the date of the injection and the quan- 
tity used each time. It will be noted that Nos. 191 and 194 received 
two, !N'os. 21G and 218 three, and Kos. 217 and 221 four doses each of 
the beated culture liquid. The injections were made two days apart, 
the exposure in the infected pen and among diseased animals about one 
week after the last inoculation. Nos. 220, 232, and 235 were placed in the 
infected pen at the same time, to determine the virulence of the infec- 
tion upon pigs which had not received any injection. 



No. 


Heated vims. 


Total. 


Exposn r e 
in infect- 
ed pens. 

._ _ 


Ecinai-ks. 


Apr. 20. 


Apr. 22. 


Apr. 24. 


Apr. 26. 


216 

217 

218 

221 

101 

104 

*220 

*232 

*235 


c.e. 
9 

9 

9 

9 


c.c. 
8 

8 

8 

8 


c.c. 

^ 

10 
10 


c.c. 


C.C. 

24i 

32i 

24i 

32^ 

18 

18 


May 4... 

...do 

... do .... 
... do — 
...do.... 
...do .... 
t. .do .... 


Died May 17. 
Died May 19. 

Do. 
Died May 23. 

Do. 
Died May 19. 
Died May 17. 
Died May 23, 
Died Jane 12. 


8 


8 
8 
8 




















do ... 












... do ... 










...... .... 





* Checks. 

AlU of the inoculated and control animals died with periods ranging 
from thirteen to nineteen days, only one living thirty-nine days, and 
this one a control animal. Of those that had received two doses, No. 
191 died May 23 (nineteen days after exposure) with considerable ul- 
ceration in csecum and colon. No. 194 died Mav 19, with extensive and 
deep congestion of the lymphatic glands in general, of the kidneys, 
stomach, and large intestine. In the latter, ulceration was not yet be- 
gun. No. 216, which had received three doses, died very unexpectedly 
thirteen days after exposure. The lesions were of the Remorrhugic 
type, involving extravasations and ecchymoses of the intestinal tract, 
more especially of the large intestine, heart, lungs, lymphatic and sub- 
cutaneous fatty tissue. Ulceration in large intestine very slight, the 
congestion being intense. No. 218, treated like the former, died fifteen 
days after exposure. The lesions were like those of No. 216, but not so 
severe. Ulceration as yet very slight. 

Nos. 217 and 221, which had received four injections, died fifteen and 
nineteen days after exposure, respectively. The lesions in No. 217, 
which died very suddenly, were hemorrljagic in character, the ulcera- 
tion in the caecum and colon being quite superficial. In No. 221 the 
ulceration was more pronounced, the general congestion and extrava- 
sation much less so. 
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Of the control aDimals the le»ions of No. 220 were of tbc hemorrhagic 
type, resembliug those of No. 194 very closely. La No. 232 there was 
extensive ulceration of the inucous raembraue of the large intestine. 
In No. 235, which lived for thiity-niue days after exposure, the mucosa 
of the cfecura and upper portion of the colon was involved in complete 
necrosis nearly 5 millimeters thick. Beyond this the necrosis took the 
form of isolated ulcers. Owing to the depth of the ulceration inflamma- 
tory adhesions had formed between the caecum and adjacent organs. 
There was no reactionary swelling of the inoculated animals at the 
point of injection. 

Those animals in which the disease took the hemorrhagic type suc- 
cumbed very suddenly, as if the invasion had taken place in a single 
da^'. In those animals in which symptoms of weakness and loss of ap- 
petite appeared some days before death the well-defined lesions were 
as a rule limited to the large intestine in the form of ulcerations. TLo 
former cases represent a class in which the bacilli invade the entire 
vascular system ; in the latter the absence of a general congestion and 
extravasation seems to indicate a more local multiplication of the spe- 
cific disease germs in the intestinal tract. 

This mode of vaccination, as shown by the results recorded, did not 
prove to be any protection to the animals, as they died, most of them, 
within a brief period after exposure from a very acute £lttack of the dis- 
ease. 

The spleen examined in about one-half of these cases contained the 
bacillus of hog cholera, usually in large numbers. From a few cultures 
were made which were found pure. 

Experiment 13. — A final experiment was tried in which each animal 
received hypodermically 40 cubic centimeters of heated culture liquid 
in two doses. The cultures were made in beef infusion with 1 per cent, 
peptone, the growth being killed by a temperature of 58^ 0. the third 
day after inoculation. The flasks used were shaped like Erlenmeyer 
flasks, a glass cap being fitted over the flask by means of a ground-glass 
joint, which contracted into a straight narrow tube jjlugged with glass 
wool. The removal of a cottonwool plug was thus avoided, the cap 
being rejnoved for inoculation. This culture flask affords better venti- 
lation and a more rapid evaporation of the culture liquid than does the 
culture tube with the bent ventilating tube. 
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The following table gives ail the facts necessary for an understand- 
ing of the experiment and its results : 



No. 



Heated virus. 



June 14. 



Total. 



June 17. 



Expos- 
ure in 

infected 
pens. 



Hera ark 8. 



Days after 
first ex- j 
posuro. I 



231 
233 
2G6 

*230 
267 
268 
269 

*270 



e c. 
20 
13 
20 



20 
20 
20 



c.c. 
20 
20 
20 



c. e. 



20 
20 
20 ! 



40 June 21 
33 i . . do . . . 
40 ...do... 

I . .do — 

40 i.. do... 

40 ! ..do ... 

40 |...do... 

...do — 



Died July 7 . . 

Died July 9. . j 

I — do 

, Died July 8... i 
' Died July G . . i 
, Died July 10. I 

■ ... do 

i Died July 9... j 



16 
18 
18 
17 
15 
19 
19 
18 



* Checks. 

It will be seen that all the experimental animals died, inoculated as 
well as check animals, within a few days of one another, death taking 
place about sixteen to eighteen days after the ffrst day of exposure. A 
brief synopsis of iha post mortem appearances will not be amiss in this 
connection. 

In No. 231 the spleen was very much enlarged and gorged with blood. 
The intensely congested mucous membrane of the caecum and colon was 
clotted with' small superficial ulcerations. In No. 233 the congestion ot 
spleen, and ulceration with congestion of the large intestine, were also 
marked. No 266 presented the same lesions. The ulcers in the caecum 
were fron one-quarter to one-half inch across No. 230 (check) differed 
from the preceding cases in presenting severer lesions, greatly enlarged 
and congested spleen and lymphatic glands, superficial necrosis of the 
entire colon and great thickening of the walls, extensiA e extravasa- 
tion of blood beneath the mucosa of duodenum. 

Of the second lot of four, treated in the same way, No. 267 presented 
very severe lesions, consisting of intense congestion and extravasation, 
involving the spleen, lymphatic glands, lungs, and kidney. The left lung 
was adherent to costal pleura. There was considerable hemorrhage in 
the pelvis of both kidneys. The large intestine was least changed, the 
mucosa being slightly ulcerated and containing some hemorrhagic spots 
iiud points. This animal was first to die out of this lot of eight. In No. 
208 the congestion involved the lymphatic glands generally and the 
mucosa of the large intestine, which was extensively necrosed in its 
upper portion. No. 269 reseuibled No. 267 in the severity of the lesions. 
The lungs were not affected, however, while the ub eratiou of caecum 
and upper colon was very extensive and deep. No. 270 (check) pre- 
sented extensive ulceration of the large intestine and a greatly enlarged 
spleen. In five cases the spleen contained the bacteria of hog cholera 
more or less abundantly. In two none could be seen on one or two 
cover-glass6s. No local swelling had developed at the points of injec- 
tion in any of the inoculated animals. 

The quantity of culture liquid in these cases was likewise too small to 
have any beneficial effect. Experiments are now being prosecuted in 
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the HaiMO direction by injecting very large quantities. These are, how* 
ever, not completed. 

The experiments on the use of sterilized cultures have thus Dot be- 
come practically applicable as yet. The great importance of Ibis prin- 
ciple, however, has been duly appreciated within the past year in foreign 
countries, notably in France, where experimentation of this kind lias 
been carried on by pupils and assistants of Pasteur. The principle is 
destined to be serviceable in other infectious diseases, and may eventa- 
ally take the place of the older methods of Pasteur w^uich utilize attenu- 
ated cultures of bacteria. These are often sufficiently virulent to destroy 
aheep (anthrax), and in this way may themselves become the agents 
that distribute the disease. For this reason anthrax vaccination is only 
practiced in those regions where the disease is more or less ondemic,aml 
where the losses exceed a certain percentage each year. 

Chantemesse and Widal* have recently endeavored to set aside tbe 
claim of the Bureau of having first demonstrated this principle, in favor 
of the more recent researches made in Pasteur's laboratory. Hiippct 
has, however, shown the absurdity of this claim in pointing to the ex- 
periments of the Bureau as having been published nearly two years 
prior to those of Chamberland and Uoux. 

* Aunales de VInstitut Pasteur y February, 18d8. 
iFortdchriile der Medicnn, 1888, 289. 



EXPERIMENTS ON THE ATTENUATION OF HOG CHOLERA BACILLI 

BY HEAT. 

Heat has been used by Pasteur in the attenuation of anthrax virus 
by exposing cultures of anthrax bacilli to a temperature of 42^-430 C, 
continuously for a certain number of days. Cultures kept in a thermo- 
stat at this temperature for about thirty-one days were so attenuated 
that they were incapable of destroying animals larger than very young 
mice. Kept in the same conditions for only twelve days inoculation 
failed to destroy adult guinea-pigs.* The former culture was denomi- 
nated the first, the latter the second vaccine. To make sheep immune 
they were inoculated subcutaneously with the first vaccine, twelve days 
later with the second vaccine. Subsequent inoculation with strong virus 
had no effect upon the vaccinated animals, although it was quite inva- 
riably fatal to those which had not been so treated. 

Although Pasteur's discovery must be considered a scientific event 
of great importance, its practical application is by no means a perfect 
success. Experiments conducted by Koch, Gaffky and Loffler, in Ber- 
lin, have shown that the process of attenuation does not always go on 
uniformly, and that the strength of the vaccine can not always be relied 
upon. A few animals may die as a result of the first or second inocu- 
lation. This fact induced the last International Congress of Hygiene 
at Vienna to adopt the resolution that anthrax vaccination should not 
be practiced upon sheep. in any locality unless the disease causes a loss 
of 2 to 3 per cent, annually. It was also shown in the experiments at 
Berlin that immunity after vaccination is not absolutely perfect when 
the virus is introduced with the food. This is perhaps the most com- 
mon way in which infection takes place. 

The results obtained by Pasteur are suflQciently valuable to make it 
at least desirable to try heat attenuation for other bacterial organisms, 
although it does not follow by any means that the same process will 
suffice for all or even a small number of disease germs, for these differ 
among one another very widely. 

Kitt* has tried heat in the attenuation of the virus of Black Quarter 
in Germany by exposing the diseased muscular tissue, which had been 
thoroughly dried in the air and ground to a fine powder, to the steam of 
boiling water at lOQo 0. for four, five, and six hours continuously. 
The spores of the bacilli of this disease were sufficiently attenuated after 
a six-hours' exposure that sheep inoculated with the powder in certain 
doses remained well after inoculation with strong virus. The reaction 

* Compt. rend. Acad, des Sciences March 21, 1881. 
*Centralhl. f. Bakteriologie und Parasitenkundey 1888, i. 571. 
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after the vaccinal tnocutatiou was very slight. Hog cholera vims k 
destroyed by a fifteen to twenty minutes' exposure in a water-bath at 
58^ C. ; a moraeutary contact with boiling water is sufficient to destroy 
it, so that Kitt's method is not applicable to it, but only to bacteris. 
which form spores. 

The following experiments were undertaken with a view to test the 
method of Pasteur on hog cholera bacilli, and to obtain, if possible, a vac- 
cine similar to that employed in the prevention of anthrax. Although 
only a preliminary step has been taken in this matter, and the promise 
of favorable results is not flattering, we consider it best to publish the 
results thus far obtained. 

The first step in the process was to obtain, if x)ossible, a cultivation 
which should prove harmless to rabbits. This was to be accomplished 
by placing tubes in a thermostat, kept at a certain fixed temperature as 
nearly as possible, and inoculating rabbits from time to time to deter- 
mine any diminution in the pathogenic activity. 

. April 9, 1888. — Four Salmon tubes of beef infusion peptone were in- 
oculated from an agar agar culture of hog cholera bacilli two weeks old 
and placed in a d'Arsonval thermostat, the internal temperature of 
which registered between 42° and 43° C. Two series of inoculations 
were made on rabbits, one from one of the original liquid cultures at 
different intervals, the other from a culture renewed at the end of every 
five days by inoculating a fresh tube. The result is most easily under 
stood by examining the following table: 

Agar coltnre. 

I 

• Apr. 9, I b. i. p. *(a). 



Apr. 14, b. i. p. (aO. 



Apr. 19, rabbit . inocalated 
Apr. 25, died. 



Apr. 30, rabbit. 
May 4, died. 



Apr. 19, b. i. p. (a^). 



Apr. 19, rabbit inoculated. 
Apr. 24, died. 



Apr. 24, b. i. p. (a^) 



Apr. 30, b. i. p. (at). 



May 4, b. i. p. (as). 



Apr. 30, rabbit. 
May 5, died. 



May 9, rabbit. 
May 18, died. 



May 9, b. i. p. (ae). 



May 9, rabbit. 
May 16, died. 



Beef inlusiou pla.s 1 per cent, peptone. 
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The first inocalatious were made April 19, with culture «, which had 
been in the thermostat ten days, aLd culture (?!, which had been freshly 
made on April 14. Both rabbits received about J cubic centimeter of the 
culture liquid hypodermically. Eabbit Ui died in five days with extensive 
coagnlatiou necrosis iu liver and enlarged spleen. Eabbit a died on the 
followingday with the same lesions. In both hog cholera bacilli were 
very numerous on cover-glass preparations of spleen, and obtained pure 
in cultures. The same results were obtained in all subsequent cases, 
80 that no further mention need be made of this. 

Two rabbits were inoculated in the same w^ay April 30, one from the 
original culture a, the other from a,. Both died May 4 and 5, respect- 
ively. Lesions the same as with the first pair. 

Two rabbits were inoculated May 9, one from the culture a, now thirty 
days old; the other from cfg, the fifth renewal of a. Both rabbits died 
on the 7th and the 9th day, respectively. The lesions'were practically 
the same, with the addition of slight hemorrhagic lesions in the in- 
testinal tract. The period of the disease was slightly prolonged. 

The result was not very satisfactory. If any attenuation was go- 
ing on, its final attainment would demand too long a period of time. 
The experiment was therefore stopped and another undertaken. The 
temperature of the thermostat was raised to 45° C, to hasten the pro- 
cess of attenuation. 

Apr. 23, agar culture. 
Mayl2, b.i.p. (b). 



May 22, rabbit inoculated. May 17, b. 1. p. (b^. 

May 29, died. 

May 22, b.i.p. (b«). 

It was found that cultures inoculated from b failed to develop at the 
assigned temperature, so that this experiment was not continued any 
farther. It deserves to be mentioned, however, that a rabbit inocu- 
lated from the original culture, which had been kept at 45^ C. for ten 
*^«^ys, died seven days alter inoculation with enlarged spleen and co- 
agulation necrosis in liver. 
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A temperatoreof 43|-44<^ C. wan nextchosen-and the eiperimeDt eon- 
ducted in the same manner, as the appended table will show : 

<1C31>.) 
May IS, ff9«r (ultiire. 

May 29. b. i. p. ta) (43.5»-44^ C.) 



Jano 8. rabbit. 
J aoc 14, dea<L 



Jnno 4. b. i. p. (a.) 



Juoc 8. rabbit. 
Jane 15, dead. 



Jane 8, b. i. p. (fails to 
grow). 



June 18, rabbit. 
Judo 23, dead. ' 



June 28, rabbit 
(Remaius alive, t 
(Caltnre dead.) 



Juno 18, rabbit 
Judo 24, dead. 



June 28, rabbit. 
Jul}' 5, dead. 



Jnnel3, b.i.p. (a^). 



June 18, b. i. p. (aj). 



Juno23, b.i.p. (ai). 

(Supposed impure, 

but found pure.) 



June 28, guinea pig. Juno 28, b. i. p. (ai). 
July 10, dead. 



July 10, rabbit. .July iO, rabbit. 
( Remains alive. ) ( Remains alive. ) 

Maj- 16. agar culture. 



July 10, b.i. p. (as). 
(Cnltare dead.) 



May 29, b. i. p. (b) (43Jo-4':o C.) 
July 14, placed at 30O-3Co C. 



July 25, rabbit. 
July 30, dead. 



August 9, rabbit. 
(Remains well.) 



August 4, b. L p. 
(Sterile.) 
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The rabbits inoculated from the original caltare after remaining at 
the temperature of 43.50-44o C. for ten and twenty days died from 
the inoculation disease, but those inoculated from the same tube, after 
thirty and forty-three days, remained permanently well. This was not 
due to an attenuation of the culture, but to its death. Turning to the 
series of rabbits inoculated from the cultures renewed every five or 
ten days, those receiving culture liquid ten, twenty, and thirty days 
old died from the inoculation disease, while one inoculated after 
forty-three days remained alive, because the culture was dead, i. c, it 
failed to fertilize frosh tubes after repeated inoculation. An adult 
guinea pig, inoculated from the same culture material, thirty days 
old, died in twelve days as a result of the injection. In this case 
only a few drops had been injected. This experiment demonstrates 
that in general the pathogenic power of hog cholera bacilli is only 
destroyed by the death of the organisms themselves. This is a very 
important fact. It will be remembered that in the attenuation of an- 
thrax bacilli their virulence was gradually diminished, and a time was 
reached when they failed to kill all but mice, while they still retained 
the power of multiplying in nutritive liquids. In the above experi- 
ments even guinea-pigs, which are less susceptible to this disease than 
rabbits, died twelve days before the culture was found dead. The 
latter may have been dead some days before this, for no tests were made 
meanwhile. 

This fact has an important bearing upon the nature of the pathogenic 
activity of hog cholera bacilli. It shows that there are two elements 
involved, (1) the ptomaine action of the organisms; (2) their mechanical 
effect. That there is a ptomaine action of these bacilli has been con- 
clusively proved in the experiments of the Bureau made upon pigeons 
several years ago. But this ptomaine action is evidently secondary to 
the mechanical effect of the bacilli in forming plugs or thrombi in the 
blood vessels and thus causing destruction of tissue by impeding the 
circulation. This tendency to act mechanically is not lost as long as 
the bacilli are alive, as shown by their fatal effect on rabbits and guinea- 
pigs shortly before they themselves are destroyed. 

At the temperature employed (43.50-44o C), the original bouillon- 
peptone culture a died between the twentieth and the thirtieth day 
after the beginning of the exposure. The culture from this, renewed at 
tlie end of every fifth or tenth day, died between the thirtieth and 
forty-second day. Another culture b (see table), which had been re- 
moved from the thermostat after the forty-sixth day and kept at the 
temperature of the laboratory (about 30O-n33o C, during July) was still 
fatal to a rabbit on the fifty-seventh day. Another rabbit, inoculated 
ten days later, remained well, and a fresh culture made at the same 
time remained sterile, showing that theapparent immunity of the rabbit 
was due to the death of the bacilli injected. This experiment also 
shows pretty conclusively that the pathogenic power of these specific 
organisms expires only with their life, and not long before. 
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It is evident from oar own experimetits, and more recent ones made 
in France and Germany, conducted on tbe same lines, that the amount 
of immunity which we may expect to gain from preventive inocula- 
tion will depend on the quantity of ptomaines produced by the specific 
microbes t. e,j upon their poisonous nature. In other words, our suc- 
cess will depend upon the relation borne by the ptomaine to the disease 
process. If this factor is very great it is highly probable that prevent- 
ive inoculation either with ptomaines or with attenuated cultures will 
be successful. But if there is in addition a mechanical element, which 
may or may not overshadow in importance the ptomaine element, the 
problem is not only complicated, but may fail. 

There are two other points in connection with these experiments which 
demand attention. One is the variation in the length of life of the dif- 
ferent cultures exposed to the same conditions. This would be a seri- 
ous hindrance in obtaining vaccinal cultures of uniform strength, should 
this method ever prove successful. 

There was a noticeable change in the appearance of the serial cnlt- 
ures after a sojourn in the thermostat. There was a tendency to mul- 
tiply rather more abundantly, to grow in minute flakes and to rise to 
the surface to form a thin, unbroken membrane. The motility was 
somewhat impaired after a time. These changes gave rise to the sus- 
picion of impurities, but tests on gelatine plates showed that the sus- 
picion was unfounded. These experiments will bo continued on pigs 
under similiar conditions to determine whether any immunity can be 
produced by this method. 



HOG CHOLERA, OR DISEASES CLOSELY ALLIED TO IT, IN OTHER 

COUNTRIES. 

GBEAT BRITAIN. 

This disease was first detected in 1862, where it has been known nnder 
various names, the most common of which is swine fever. Owing to 
the fact that there are recognized at the present time three distinct in- 
fectious diseases of swine in diflFerent parts of Europe and America, it 
is impossible to state whether the disease known as swine fever in 
England represents two distinct maladies, hog cholera and swine plague, 
or hog cholera alone. This question can onlj'^ be solved by a thorough 
bacteriological investigation, such as has not been made there in very 
recent years. There is enough evidence, however, to warrant the state- 
ment that hog cholera is prevalent in Great Britain. There is, on the 
other hand, no experimental basis for the statement that the other dis- 
ease, swine plague, also exists there. These two diseases produce le- 
sions of the large intestine, so easily confounded with each other, that 
great care must be taken in making a diagnosis. We must also con- 
sider that the three well marked s\yine diseases now known as hog 
cholera, swine plague aud rovget^ were only a few years ago regarded 
as one disease designated by a great variety of names; that even to- 
day no clear idea exists among most pathologists as to what the precise 
differences between these diseases are. 

In a brief report on swine fever in Great Britain, by Professor Brown, 
of the Agricultural Department, in 1886, we do not notice that any 
doubt exists in his mind as to the oneness of the disease in Great Brit- 
ain and its identity with hog cholera. He even reproduces a plate from 
the report of the United States Department of Agriculture for 1885, 
in which the characteristic ulcers of hog cholera are shown as an illus- 
tration for his text. 

That there may be several diseases included under the term swine 
fever is evident from the statements made in this report concerning the 
annual importations of diseased swine from other countries. Swine 
fever is said to have affected animals imported from Holland, Denmark, 
Sweden, Norway, and the United States. Now, hog cholera appeared 
in the North European countries for the first time in 1887. The swine 
marked diseased may have been affected either with swine plague, 
which exists on the Continent, or with lighter non-infectious forms of 
^QDg disease not uncommon in pigs at any time in the year. 
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Wc quote from Professor Brown's report tbose parts which may prove 
iuteresting to American readers, using the language of the report itself 
whenever possible : 

Symptoms of swine fever, — It is most important that the farmer 
should be acquainted with the signs which indicate the existence of 
swine fever at the earliest period of its development ; but unfortunately 
the disease is very difficult of detection in the early stage in the greater 
number of cases, and the symptoms which are generally believed to be 
specially indicative of the aftection, viz., redness of the skin on certain 
])ortions of the body, and diarrhea of a peculiar kind, do not appear until 
the disease is fully developed, and in numerous instances are not ob- 
served at all. The animals feed fairly well, show no rise of temperature ; 
they are vigorous, and for several days, and even for several weeks, be- 
tray in no way the disease. It requires very careful and prolonged ob- 
servation to notice that at one time or another — at any rate at rare in- 
tervals — the swine have a short cough, not an important departure from 
the healthy state. Very few experts, to say nothing of the owner of the 
pigs, would suspect swine fever because he happened to hear the ani- 
mals cough at rare intervals ; and there is in these mild cases, which 
Dr. Klein considers constitute the majority, absolutely nothing else 
which would be noticed ; the skin remains quite free from any appear- 
ance of disease. It is true that.the inguinal glands are distinctly en- 
larged, but unless the owner thinks of inspecting these small lymphatic 
glands (kernels) under the skin of the pig's groin, and knows what 
their proper size is in health, he has no chance of recognizing the disease 
in this obscure form. In the organs of these apparently healthy pigs 
there are found on dissection very pronounced symptoms of disease, so 
pronounced in fact, that it seems astonishing that during life the ani- 
mals presented such slight signs of it. And these very slight signs, it 
may be remarked, were only noted by the observer in the cases of pigs 
which were under constant observation after they had purposely been 
infected with the disease. 

ISwine which are affected with swine fever in the occult form may 
be moved about freely, sent to market, bought and sold over and over 
again, distributing the infection wherever they go, without exciting tbe 
least suspicion in the minds of those who buy or sell or keep them that 
they are infected with a deadly and highly contagious disease, and in 
this way many outbreaks may occur without the origin of the infection 
being discovered. 

In the more pronounced forms of swine fever the symptoms which 
are shown by the sick animal will not be very definite until the aflTection 
is fairly advanced. Dullness and diminished appetite, with hot skin 
and occasional shivering fits, with rise of internal temperature from the 
normal 103° to 105^ or lOGo F., are among the first signs of infection, 
and should always be taken as justifying a strong suspicion of the ex- 
istence of swine fever, especially if the disease is known to be in the 
locality. 

It has been remarked that pigs when suffering from swine fever in 
the early stage often seek to hide themselves beneath the litter on the 
fioor of the sty; but this action is so common among swine that it 
would hardly be likely to attract any attention, and even when noticed 
it would not be looked upon as a symptom of any disease. There is, 
however, to the practiced eye a great difference between a healthy pig, 
which, in its desire for warmth, or quiet, or for some other reason, buries 
itself under a lot of litter, and one which performs the ^^POQ aot inabe- 
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dience to the iustinctivc efi'ort of c^ sick aniiuul to get out of the way 
of the light aud its companious, and everything under the sun, and 
suffer in seclusion. The healthy pig when disturbed emerges from its 
retreat alirfc and ready for action. The sick one objects to move, and 
if comi)elIcMl, crawls from his lair, trembling and discontented. 

Sometimes there an) signs of partial paralysis, and the pig moves in 
an unsteady manner from side to side, frequently losing the use of one 
or both hind quarters, and dropping to one side, or dragging both hind 
legs as it attempts to move forward. There is no loss of sensibility 
with the defective motion, as the animal if touched will indicate pain 
by a sharp cry. 

Diarrhea may occur early in the disease, after a short period of con- 
stipation ; and the evacuations are generally light in color at first, be- 
coming darker by and by, often from the mixture of effused blood. In 
severe cases the intestinal discharge consists almost entirely of blood, 
with masses of clot and loosened pieces of exuded lymph from the in- 
flamed and ulcerated mucous membrane of the digestive canal. 

A symptom which is considered to be characteristic of swine fever 
may sometimes be detected early in the disease. Red patches or 
blotches appear behind the ears, inside the arms, and under the belly. 
Professor Axe describes a distinct eruption in the form of red spots, 
from one to three lines in diameter, slightly raised above the surface, 
so that they may be felt by drawing the linger over the skin. The erup- 
tion is not always present, and often there are not more than half a dozen 
spots extending over a large surface 5 but in other cases they are very 
numerous. After two or three dajs the spots subside, and are followed 
by a second, third, or even a fourth crop, and after their final disap- 
pearance the cuticle becomes ragged and scales off. 

Small water bladders (vesicles) appear on the surface of the red spots 
when the fever remains very high, and the fluid contained in them either 
escapes or becomes dried up, forming a gray crust on the surface. 

Discharges of thin fluid from the eyes aud nose commonly takes place 
early in the course of the disease, and, as it advances, the discharge 
becomes thick and purulent, sticking about the eyelids and openings 
of the nostrils. Diarrhea is more constant as the disease goes on. The 
voided matter is offensive and often streaked with blood ; prostration 
occurs and is soon followed by complete collapse, and the animal dies 
in a state of unconsciousness or in violent convulsions. Death may take 
place at various periods from the commencement of the affection, some- 
times after a few days' illness, while in other cases the animal may linger 
for two or three weeks. 

In reference to the change of the color of the skin in marked cases of 
swine fever, it may be observed that there may be, independently of 
the raised spots which Professor Axe describes, a diffused redness, or 
regular patches of redness, or a purple tinge in different parts of the 
surface; but these signs are not to be expected in all or even in the 
majority of cases of the disease; and it is well known that redness of 
tbe skin is a symptom of some common diseases of swine. It arises, for 
example, from exposure to wet and cold ; contact with sea- water, or 
spray during a voyage, will also produce it; a journey in a railway 
truck which has been lime washed is another cause ; consumption of 
wash with which salt liquor has been mixed is followed by severe, often 
fatal, inflammation of the mucous membrane of the digestive canal and 
sympathetic irritation of the skin ; and the symptom has also been 
noticed in acute indigestion which has resulted from eating freely of 
mangolds. Redness of the skin, therefore, either in patches or gener- 
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ally, can not be accepted as sufficient evidence of the existence of the 
swine fever. 

In certain instances the symptoms of swine fever may be so well de- 
fined durinpf life that an opinion may be given promptly and without 
much risk of error, but under ordinary conditions the conclusion must 
be the result of the careful consideration of the history of the outbreak, 
or of tbe evidence whicli can be obtained by dissection of the organs of 
a diseased animal; and for this purpose it is better to kill a suspected 
pig than to take the carcass of one which has died some time before the 
commencement of the inquiry, and has probably undergone post-mortem 
changes which will render obscure the true morbid appearances. 

Experience has placed beyond all doubt the fact that swine fever 
when it once obtains a hold on a herd of swine does not spare them. 
It is true that a proportion, and it may be a considerable one, of the 
older aifimals particularly, will escape with a mild attack, and in some 
of these mild cases there will be no characteristic symptoms to attract 
attention. In fact, it will appear that animals have escaped the dis- 
ease; but the critical observer will find some signs of the disease in the 
majority of the swine which have been exposed to infection. Cases 
which are often reported of swine fever attacking two or three swine of a 
large herd and sparing the rest imy safely be put down to the credit of 
any disease but swine fever. And the same thing may be said of those 
cases which are traced to the consumption of indigestible food, or the 
exposure of the animal to hardship or unsanitary conditions of exist- 
ence. 

Postmortem appearances in swine fever, — Some of the changes whicb 
are aflfected in the organs of the body by the ravages of swine fever 
can only be appreciated by the pathologist ; others, and those most 
distinctive perhaps, are patent to the ordinary observer; and on this 
point it is worth while to note the description which was given before 
the members of the Eoyal Agricultural Society in 1865 by Dr. William 
Budd, of Clifton, who was the first scientist in this country to investi 
gate the disease, which was at that time looked upon as a new one. 
Dr. Budd-s attention was particularly attracted to the changes which 
had occurred in the digestive organs, which he called a series of ulcer- 
ations of peculiar character, variously distributed over the intestinal 
tract, from the stomach to the rectum inclusive. 

The first stage of the local affection appears to be the development 
(amid all the phenomena of acute inflammatory disturbance) in the sub- 
stance of the raucous membrance and in the submucous tissue of an 
adventitious deposit (or cell growth) resembling in many of its charac- 
teristics the well-known yellow matter of human typhoid. When Dr. 
Budd gave this description, the outgrowth from or deposits on the mu- 
cous membrane of the stomach and intestines were seen more frequently 
than they have been of late years ; in fact, in all well marked cases 
they were the prominent objects in the postmortem appearances — soft, 
spongy masses, sometimes in very severe cases stained a dark red by 
the blood, which was extravasated into the intestines, varying in size 
from that of a large pea to a walnut, circular or oval in shape ^ some- 
times several masses were joined together; but whether large or small, 
separate or confluent, the deposits, from their color in contrast with the 
membrane on which they were placed, were very striking objects. 

A very curious appearance was sometimes seen in the intestines of 
swine which had partially recovered from the fever and afterwards died 
from exhaustion, or were killed for the purpose of examination. The 
mucous membrane in these cases was spotted with the small masses of 
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deposit which had lost the soft, spongy or fangoid character, and be- 
come dense and, so to speak, leathery looking, not unlike yellow leather 
buttons, marked with concentric rings, or, as Dr. Budd remarks, like 
sUces of columba root.* 

The first simile will perhaps be more suggestive to the farmer than 
the latter, as slices of columba root are not familiar objects. The mu- 
cous membrane of the intestines, especially the large intestines, was 
often covered with ulcers, and the masses of deposit whicli have been 
referred to were generally found to be in connection with deep excava- 
tions, the result of the ulcerative process ; but in all cases the edges of 
the ulcers were elevated above the surface of the mucous membrane, 
and presented a soft fungoid character. 

In some cases the whole of the mucous membrane of the intestine 
was covered with a croupous or diphtheritic deposit of a dirty white 
color; and it was only after the deposit had been cleared away that 
patches of inflamed, and perhaps ulcerated, structure could be seen. 

In some instances the diphtheritic deposit was so abundant as to fill 
the intestinal tube, and leave no canal for the passage of the feculent 
matter, and rupture of some part of the intestine was the natural re- 
sult of this blocking up of the passage. 

The next illustration is copied from a report on swine plague in the 
Report of the Bureau of Animal Industry, Washington, United States 
(for 1885), and it may serve to indicate at the same time the character- 
istic appearances of the disease and the identity of the swine plague 
(hog cholera) in the United States of America and the swine fever of 
this country. 

Besides the appearances which have been described as occurring in 
the 'stomach and intestines, especially in the large intestine, there are 
nearly always observed patches of congestion in the lungs, with here 
and there condensation of the lung structure, which present a flesh}^ 
character quite distinct from the healthy state. There are also changes, 
easily distinguished by the pathologist, in the liver, kidneys, spleen, 
lymphatic glands, and also in the cr^vities of the heart. In short, it 
may be affirmed that the morbid changes in swine fever are so per- 
fectly well defined that no error in opinion can occur when all the evi- 
dence which a post mortem inspection affords is in possession of the 
inquirer. 

In this description we are led to infer that the writer has before him 
genuine hog cholera. At the same time some of the features dwelt upon, 
such as the croupous and diphtheritic deposits or exudates in the large 
intestines, are more like those found in severe epizootics of swine 
plague.t 

There is another fact which proves that at least part of the swine 
fever of England is the hog cholera of the American continent. This is 
presented by the investigations of E. Klein. In his report upon swine? 



* These neoplasms wo have also encouutered chiefly in adults. They must be 
looked upon as results of a greater resistance on the part of the mucous membrane, 
such as we may expect in old animals. 

t A plagne like hog cholera may perhaps change its character under influences such 
as chmate and locality, or under influences found in race, br6cd, etc. , of animals. This 
may frequently account for modifications of diseases caused by the same micro- 
organism. 

15612 H c 12 
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fever in the supplement to the Seventh Annual Report of the Local Gov- 
ernment Board for 1877 Dr. Klein gives a very good account of the 
X)athologit'al anatomy of this disease, together with some researches ou 
die nature of the cause and the mode of infection. Though calling the 
disease i)neumoenteritis, his text, as well as the statements of Professor 
Brown, quoted above, show that the accompanying lung disease is no 
more severe than in hog cholera. The microbe which he described in 
this report is a large spore-bearing bacillus. The methods which be 
employed in his bacteriological work were those of the times, not con- 
sidered now as capable of giving any trustworthy information. Conse- 
quently, at a later date he regarded it as necessary to again go over the 
ground, and published his results in Virchow's Archiv, XCV^, 4C8, in 
1884. In this monograph he describes the inoculation disease in mice 
and rabbits very much as we have found it, laying particular emphasis 
upon the coagulation-necrosis found in the liver. His cultures con- 
tained a motile bacillus from .002 to .003 millimeter in length. We may 
therefore conclude that a germ closely resembling or identical with the 
hog cholera bacillus is found in cases of swine fever, and that hog 
cholera actually exists in England. 

The history of the struggle with swine fever in Greafc Britain since 
1878 shows that it has been very severe. iN^umerous orders have been 
issued, beginning with the contagious diseases act in 1878, to restrict the 
extension of the disease, but all appear to have been without avail, since 
the malady was as widespread and as virulent in 1885 as ever before. 
This was without doubt due to the inefficient and incomplete execution 
of the orders. By the order of December 17, 1878, the slaughter of 
swine affected with the disease was made compulsory, and compensa- 
tion was to be paid out of the local rates for all swine slaughtered by 
order of the local authorities. The order also provided that no swine 
should be moved out of a pig-sty or other place without a license, and 
then only for slaughter. After this order had gone into effect weekly 
returns were received from the inspectors of local authorities, which 
showed that iu 1870 the disease had prevailed, at some time during the 
year, in forty-four counties in England, six in Wales, and three iu Scot- 
land. 

The continued spreading of the disease gave rise to the swine fever 
order of 1879. This contained provisions for the declaration of infected 
places and for the slaughter of healthy swine which had been herded 
with diseased ones, and also for regulating the exposure for sale of swine 
in fairs and markets. This order was only partly carried out, for out 
of 17,074 swine attacked 3,416 were allowed to die and 124 recovered. 
In 1882 the disease was more prevalent than in J Si 9. Slaughter of 
diseased and exposed animals was continued as before. Thus of 14,763 
swine attacked 11,903 were slaughtered, 2,799 died and 18 recovered. 
An order of council was passed in July, 1882, providing for the decia- 
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ration of swine fever iufected areas by the privy council, and giving 
power to local authorities in England and Wales to prohibit or regulate 
tbe movement of swine into their districts from the district of any 
other local authority in Great Britain. The order also empowered 
local authorities in Scotland to prohibit or regulate the movement into 
their district of swine from the district of any other local authority in 
Scotland; it did not appear, however, that the local authorities availed 
themselves of these powers, except in very few cases. 

In 1S84 the area of the disease rather increased, while the number at- 
tacked did not grow larger. Further orders of council were passed 
this year containing provisions relating to swine fever. The most im- 
portant change made referred to the provision for slaughter of diseased 
swine, which was objected to by some local authorities as a costly and 
comparatively ineflfectual measure. By an order passed in May the 
compulsory provision was revoked, and (he slaughter of diseased swine, 
as well as those herded with them, was left to the discretion of the lo- 
cal authority. Another order of council, passed in July, 1884, pro- 
vided for the formation of a swine fever infected circle round an infected 
place in anj^ district to which the order might be applied by the privy 
council at request of a local authority. The order was applied during 
the year to five counties and ten boroughs. 

In 1885 the disease grew to dangerous proportions, threatening the 
entire stock of pigs in the country. The extension was due to the pur- 
chase of swine at fairs and markets, and it w^as therefore deemed ex 
pedient to impose restrictions on the sale of swine in all parts of Eng- 
land. Accordingly an order of council was passed prohibiting the ex- 
posure for sale of swine except for slaughter within three days, and then 
only with the license of the local authority of the district in which the 
sale was to be held. Provision was also made for the exhibition of 
swine at agricultural shows. 

This so-called markets and fairs order did a great deal of good, but, as 
it did not prohibit private sales, the disease even increased in some 
counties, owing to the unrestricted sale and movement of swine. 

^*It was continued in operation until the end of November, and dur- 
ing its operation the centers of disease were so far advanced in number 
that it was deemed expedient to have recourse to slaughter of diseased 
swine, and also of t hose which had been in the same pigsty or shed with 
diseased swine. With this view the swine fever compulsory slaughter 
order was passed, and came into operation on the 1st of December. The 
order provided that local authorities should slaughter all swine that at 
any time in the month of December were affected with swine fever, and 
all swine being or having been in contact, or in the same pig-sty or 
shed, with swine affected with swine fever. 

** Compensation was to be paid to the extent of half the value of a dis- 
eased pig and the full value of a healthy pig, but the amount was not 
to exceed 40«. for a diseased and £4 lor a healthy pig. During the four 
^^eeks to the end of 1885, the effects of the system of compulsory 
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slaugbter were not altogether satisfactory. In fact, fresli outbreaks of 
swiue fever continued to occur in tbe same districts, and even in tbe 
same premises, owing to tbe way in which the order was carried into 
eft'ect in regard to tbe slaugbter of swine which bad been exposed to 
infection. For example, if a lot of swine were in a sty which was sepa- 
rated a few feet from the sty in which disease existed, tbe animals were 
not slaughtered, because they could not be said to be in contact, and 
they were clearly not in tbe same sty, although it might fairly be pre- 
sumed that the swiiic so situated w^ere exposed to risk of infection 
through the atmosphere, or by tbe agency of persons or things bv which 
the virus of the disease could be conveyed to a considerable dis- 
tance. * * • 

** Slaughter of diseased and infected swine was adopted in some dis- 
tricts with satisfactory promptitude. In others a number of animals 
were allowed to die before any action w^as taken. The disease, after 
being stamped out in some districts by the energetic action of the au- 
thorities, was reintroduced from other parts of the country where tbe 
law was administered in a perfunctory manner. In short, nothing bkea 
serious and decided effort was made to get rid of the affection, and as a 
natural consequence tbe good effects of restrictions were partial and 
temporary. 

"Imperfect cleansing and disinfection of premises may be reckoned 
among the causes which have contributed to tbe continuance of swine 
fever, notwithstanding the operations of regulations which might have 
been expected to produce good results. Very frequently swnue are 
kept in places which can not be cleansed and disinfected effectually, so 
as to make them safe for the next lot of pigs which will be brought in 
as soon as the place is declared free. Old, half rotten styes with moldy 
floors can not be cleared of infection by any known process. The only 
course in such cases is to remove the infection-saturated timber and soil 
and submit them to the action of fire; but no power is vested in the 
authorities to do this necessar}' work, and the only expedient which 
they can employ is that of refusing to declare the infected premises free 
until the necessary alterations and improvements are completed. In 
thi« somewhat roundabout way they may attain the object — that of 
keeping out fresh swine to become victims to the disease, but this kind 
of pressure can only be applied under certain circumstances. 

"Free movement of infected and of actually, although not observably, 
diseased swine, and their exposure in fairs and markets, has all aion<j 
been a fruitful cause of tbe spreading of swine fever. Many inquiries 
have been made with the view of tracing the origin of different out 
breaks, and tbe conclusion has generally been that they were due to 
introduction of swine recently purchased at public sales. 

" Under tbe s^'stem, w^hich has obtained for years, of slaughtering dis- 
eased swine, and allowing the apparently healthy to live, the extinction 
of the disease could not possibly be secured. And it is only in the com 
mon course of things that the malady has gradually extended all over 
the country from tbe sale and movement of diseased and infected swine 
which often showed no srgns of disease, and would be passed as free 
from swine fever by any one but an expert who is familiar with every 
phase of the malady. * * * 

"In reference to the measures which should be adopted for the ex- 
tinction of swine fever in this kingdom, it is not necessary to enter into 
details. On three occasions in tbe last twenty years the stamping-oat 
system was successfully applied to cattle plague. Exactly the same 
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means would certainly succeed in ridding us of swine plague, and there 
is no ground for the expectation that any less severe measures of re- 
pression would be efiective. It is, however, an essential condition of 
success that the action taken should be uniform and general in applica- 
tion. But it is impossible to suggest any means of securing the neces- 
sary uniformity while the execution of the law is in the hands of some 
hundreds of local authorities who entertain diflPereut views as to the 
necessity for attempting to get rid of the disease by legislative meas- 
ures, and are not agreed as to the proper means of eliecting the object." 

SWEDEN AND DENMARK. 

In the fall of 1887 a disease closely resembling hog cholera appeared 
in Sweden among swine, which rapidly spread from place to place, 
showing itself very fatal and causing alarm and consternation among 
the agricultural population. The disease invaded the territory of Den- 
mark, where stringent measures were adopted to prevent its further 
spread. The following communication, received by the Department of 
State from our consul at Copenhagen, and kindly forwarded, may serve 
to illustrate the measures employed by the authorities in checkingihe 
epizootic. After giving briefly the symptoms of the disease, and the 
lesions caused therebj', Mr. H. B. Eyder continues as follows: 

The very prompt and stringent measures taken by the Danish Gov- 
ernment, it is to be hoped, will be the means of localizing as well as of 
effectually stamping out this malignant pest. For example, circulars 
bave been sent from the home department to all the sheriff's through- 
out the kingdom, instructing them to make i)ublicly known that all 
persons who within tbe last two months may have purchased hogs or 
young pigs trora Copenhagen, or in its vicinity, should immediately give 
notice thereof, so that their entire herds might be submitted to veter- 
inary inspection. Furthermore, an ordinance has been issued strictly 
prohibiting all transport of live hogs or young pigs from one district to 
the other , and that no removal of the animals shall be made from their 
present dwellings, excepting by special permission for the purpose of 
immediate slaughter; and, lastly, power has been given to all the ])olicc 
authorities, on any suspicion of disease, to order the immediate slaugh- 
ter of the animals, and a post-mortem examination of the carcass to be 
made by the veterinary officials; and on tbe appearance of the disease 
in any locality under their jurisdiction to order the immediate slaughter 
of a part or the entire herd as may be deemed necessary. 

It is thus to be hoped that by these measures further spread of the 
disease may be arrested. It is, however, much to be feared that, in 
«id(lition to the losses entailed upon the kingdom in the destruction of 
animals in the course of the disease, the sorely tried farmers in these 
days of agricultural depression will also be subjeted to material loss in 
a diminished sale to foreign countries of their swine products. An 
order has already been issued by the German federal council prohibit- 
ing all importation into the German Empire of swine, pork, and sau- 
sages from Sweden^ Norway, and Deamark, which will be most seriously 
felt by the agricultural interests, as the exports of live hogs and young 
pigs are almost entirely directed to Germany, whilst the exports of pork 
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and baius are maioly forwarded to Great Britain, as will be seen by the 
following table, namely: 



Countries. 



Of I'.vo hogs and pi^s to— 

Gormauy 

Xorway 

(^reat Britain 

Uolland 



Of pork and bams to— 
Great Britain... .. 

Germany 

Sweden , 

Norway 



Average 
1881-1885. 

1 


l£8!x 


Head. 


Head. 


276, 16C ' 


192.273 


G, 8U 1 


4,704 


2,895 1 


128 


1,213 
Pounds. 




rounds. 


12, 550, 000 


20.240,000 


2, 930, 000 


7, 180, 030 


3, 970, COO 


3,030,000 


1, COO, 000 


700, COO 



From the foregoing figures fnll evidence is afforded tbat wbilst tbc ex- 
ports of live stock bavemet witb considerable decline in tbe latter years 
a great increase bas taken place in tbe exports of swine products, due 
to tbe large number of slaugbtering and salting establisbments which 
have been erected in this country for the development of the pork, ba- 
con, and ham trade with England; and thus the loss to the agricultural 
interests, it is to be hoped, will not be quite so severely felt as wonld 
have been the case in former years under similar unfortunate conditions, 
and it is scarcely to be feared that England will likewise place obstacles 
in the way of the free imports of the products into her ports ; for inas- 
much as the imports of swine into Great Britain from this country have 
for some time only been admitted in sslaaghtered condition, and set- 
ting apart the facts thiit swine in mature stage for slaughter are far less 
exposed to this disease than young ])igs, there will be found at the same 
time, under the close inspection Avhich bas been introduced throughout 
the Kingdom, and the energetic steps taken by the authorities in all 
cases of suspicion, an almost certain probability that no pork from a 
diseased animal can possibly be exported. The sale of swine products 
for homo consumption plays likewise a very important part; audit is 
hero again to be feared that restricted sales will be pensibly felt until 
the temporary scare iu partaking of swine flesh has had time to sub- 
side. 

Ili order that tbe energetic measures taken by the Government for 
the stamping out of the plague may be crowned with full success it will 
be necessary that theagriculturists should give at the same time a loyal 
support to the issued instructions and work hand in hand with the au- 
thorities. He who may delay in reporting or may attempt to conceal 
any disease or suspicion of disease that may show itself at his place 
will simply be committing a crime against the class to which he be- 
longs, and honesty in this as well as in other cases will be found the 
best policy ; for whereas he who reports the breaking out of disease 
amongst his stock will receive two thirds of the valueof the slaughtered 
diseased animals, and full compensation for the slaughtered sound ones, 
the dishonest party will incur not only risk of confiscation of the dis- 
eased meat offered by him for sale, but will also render himself liable 
to heavy fines. The closing of Germany to the importation of these 
products undoubtedly can not fail to entail severe loss upon the agri- 
cultural classes ; but if success can only attend the stringent measures 
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opted for preventing tbefurtber spread of tlicdisease it must be boped 

e nrobibition will be of sbort duration, aud tbat agricultural interests 

ill soon recover from tbe blow. But sbould tbe devastating plague, 

the other band, spread over tbe wbolo Kingdom it will be notbing 

ort of a national calamity, tbe destructive effects of wbicb will long 

felt, as will easily be understood from tbe following table of tbenum- 

t>er of hogs and young pigs to be found in tbe Kingdom under census 

rf 1881, viz: 



In the islands. 
In Jutland 



IIo28. ■ 

Head. 
285, 317 
242, 100 



Total ' 527,417 



Yonng pigs. 


Head. 


392,884 


334,707 


737, 591 



Great responsibility will tbus rest not only upon tbe veterinary and 
police authorities but also upon tbe agriculturists in devoting all possi- 
ble energy in tbeir mutual exertions to prevent tbe further spread of 
this drearded evil. 

Tbe disease is supposed to have been introduced into Sweden by dis- 
eased boars, imported from England for breeding purposes. Thence it 
was carried to Denmark,* in which country it first appeared on the 
dumping grounds near Copenhagen, on which numbers of swill-fed pigs 
were kept. 

Chiefly young pigs up to tbe age of four montbs were attacked, Ibe 
period of incubation lasting from five to twenty days. Tbe infected 
animals refused food and were at first constipated. Later on diarrhea 
set in, characterized by tbe discbargo of yellow putrid masses, frequently 
mixed with blood. The temperature often rose to 105O-107.5o F. Tbe 
animals were indifferent to suiTOundings. Tail and head drooping. 
Conjunctiva reddened, frequently glued together with dried up mucus. 
Uespiration in many cases quickened and labored. Occasionally a muco- 
imrulent discbarge from the nose. Not infrequently reddening in patcbes 
was observed on the ears, snout, abdomen, about tbe anus, and inner 
side of thighs. Tbe animals became very weak ; posterior part of body 
swayed in moving about. They concealed themselves in the bedding 
aud finally were unable to rise. Death followed insensibility and con- 
vulsions. 

A characteristic sign of this plague were diphtheritic changes on the 
apex, sides, and under surface of tbe tongue, as well as on tbe mucous 
ttiem])rane of tbe cheeks, hard and soft palate, and the tonsils. On these 
parts grayish white or yellowish opaque patches appeared, which were 
sharply defined and were converted later into ulcers by removal of the' 
slough. 

lu one herd the teats of several sows were affected with dark gray, 
sloughing sores, with inflammation of the udderS. These were infected 
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'Hchiitz : Die Schweinepest in Danemark, Arch.f. wis». n. prakt. Thierheilku nde, XIV, 
A8^, p. 376. 
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from the diphtheritic sores in the mouths of the sucking liigs. In Den- 
mark the disease was first recognized in this way. The acute disease 
la.sted from five to eight days, but sometimes death occurred sooner 
than this. 

The disease appeared in Denmark in September. In December the 
plague took on a more chronic character and became less infectious. 
The infected animals frequently showed no indications of disease, only 
they were smaller and thinner than others of the same age. There was 
occasionally coughing and diarrhea. Some recovered, others perished 
by a gradual wasting away. The postmortem appearances were very 
characteristic. The large intestine was attacked in every animal, and 
in acute cases the small intestine and stomach likewise were reddened 
and swollen, and the surface in part covered with a thin layer of agra}- 
ish white or grayish yellow soft mass, which consisted of fibrin. This 
same layer was very thick in the large intestine, easily lifted away in 
toto in some places; in others the attachment was firmer (dii>lither 
itic). In other acute cases there was simply reddening and swell- 
ing of the mucosa of stomach and small intestine, and diphtheritic 
changes in the largo intestine, the fibrinous exudate being absent. 
Moreover, the follicles, Peyer's patches, and mesenteric glands were al- 
ways tumefied. 

The seat of the dix)htheritic i)rocess was the whole large intestine, 
more especially the caecum. The follicles and Peyer's patches were 
nearly always affected. The ulcers appeared when the slough had come 
away. In the place of the follicles button like sloughs were formed, 
which gradually invaded the whole thickness of the wall, spread later- 
ally, and ran together into larger patches. The wall thus converted 
into a cheesy mass was frequently one-fifth to two-fifths inch thick, on 
the surface irregular, colored yellow, brown, or green. Hemorrhage, 
due to the ulceration, was observed in one case. 

In many animals the lungs were health3\ In some a mucopurulent 
catarrh of the bronchi was present, which caused atelectasis in one or 
more places with young and weak animals. Usually the ventral and 
anterior lobes were affected. In the diseased lobes homogeneous, 
cheesy masses appeared later, sometimes as large as walnuts. These 
masses led subsequently to inflammation and adhesion of the pleura to 
chest- wall, pericardium, etc. The spleen was not changed as a rule. 
In a few cases only it was somewhat enlarged, soft, dark red. 

When wc compare these lesions with those found in our country, we ob- 
serve the absence of hemorrhagic lesions and enlargement of the spleen, 
and more marked exudative and diphtheritic changes in the large intes- 
tine. In numerous sections of ulcerative changes we have not observed 
any relation, between these and the follicles. The lung lesions corre- 
spond closely. Whether they are due to the disease or not must bo left 
undecided. Wo have frequently seen caseous changes in the lungs 
of animals free from infection, and they are, perhaps, due to collapse, 
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bronchopneumonia, and subsequent interference of the circulation, 
rather than to the direct action of bacteria. 

The specific bacteria which are the cause of the swine disease are 
described brieflj' by Selander,* and according to his description they 
closely resemble hog cholera bacteria in form, motility, growth in gela- 
tine, and appearaucc in tissue. Tbeir growth on potato is said to re- 
semble that of the bacilli of typhoid fever in man, and thus to differ 
from that of hog cholera bacilli. Their eff'ect on the lower animals cor- 
respond also, although the descriptions are too brief for careful com- 
parison. There is no mention of the coagulation necrosis found con- 
stantly in the liver of rabbits inoculated with American hog cholera. 

In the beginning of the present year (188S). Dr. John Lundgren, pro- 
fessor of veterinary medicine in the University of Stockholm, was sent 
by the Swedish Government to study swino diseases in this country. 
He spent several weeks in the laboratory of the Bureau studying the 
bacilli of Log cholera. A culture of the swine pest bacilli from the 
Swedish epizootic was at that time subjected to a careful examination. 

In gelatine, the swine pest germs grow very much like hog cholera 
bacilli. On the surface of the gelatine the growth is very thiu, trinslu- 
cent, of a pearly luster, and spreads more rapidly than the hog cholera 
growth. On agar-agar the growth is more abundant and more rapid. 
Beef infusion, wither without peptone, is converted into a very turbid 
liquid within twenty-four hours at 95^ F., while hog cholera cultures are 
barely opalescent at that time, and remain so. Two mice were inocu- 
lated from an agar agar culture of the Swedish germ under the skin of 
the back. Both were slightly ill next day. On the second day one 
was found dead. The cultures from it remained st( rile. It probably 
died from some other cause. The second mouse remained well. On a 
rabbit the effect was equally negative. No rabbit survives inoculation 
with hog cholera bacteria. 

The effect of both germs on pigs w^xs next tried. Two Erlenmeyer 
flasks, containing each about 300 cubic centimeters (two-fifths of a pint) of 
sterile bouillon, were inoculated, one with the American, the other with 
the Swedish germ, and placed in the thermostat at 95° F. On the follow- 
ing day both flasks were clouded ; the Swedish culture was covered by 
an iridescent, very thin membrane. A comparative microscopic exami- 
nation showed the Swedish bacteria to be nearly twice as large as the 
American ; their movement was far less active than that of the latter. 
On the same day two pigs, starved for about twenty four hours, were 
fed with these cultures by drenching, i. e., the liquid was poured into 
the mouth, so that none was lost. The pig fed with the Swedish culture 
showed no signs of disease at any time after. The other pig on the 
fourth day^ had a very liquid diarrhea, and was found dead the next 

morning. On examination the spleen was found gorged with blood, 

but only slightly enlarged. Mesenteric glands enlarged and reddened. 

* CentralblaH f. BaUerioIogie, etc., 1888— i, 302. 
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Stomacb and ileam intensely inflamed (enteritis); grayish masses (diph- 
theritic) attached in patches. The ileum was invaginated and projected 
for 2^ inches into the caecam; mucosa of this portion necrosed; walls 
iutiltrated, thickened, and eccbjmosed. In ca^um the inacosa was cov- 
ered by a very thin slough. In the colon the membrane was deeply 
reddened, covered by a catarrhal exudate, and dotted with numeroas 
very minute ulcers. Heart and lungs normal. Koll cultures in gela- 
tine as well as liquid cultures from the spleen contained only hog cholera 
bacteria. The invagination was very likely the result of the violent 
inflammation. 

These comparative experiments show that the two germs, though 
very much alike in appearance, were quite different with reference to 
their pathogenic effect. Professor Lundgren was inclined to the opin- 
ion that he had taken the wrong culture on leaving his native country. 
It may also not be improbable that this was the true germ attenuated 
on the way hither. As no communication has been received from him 
since his visit here, the question must remain an open one. 

FBANOE. 

During the summer of 1887 a disease was introduced into the vicinity 
or Marseilles by swine from Africa, which developed into an epizoo*ic 
of a very fatal character. It caused great losses in the south of France, 
and at the time scientific men were sent from Paris by the Government 
to investigate the cause and suggest a remedy, if possible. According 
to Rietscb, Jobert, and Martinand * the disease is chiefly restricted to 
the intestinal tract, lasting from ten to twelve days after the first synip 
toms have appeared. Occasionally it may last but three or four da^s, 
or bo prolonged to several weeks, but it is quite invariably fatal. Some- 
times there is diarrhea, sometimes constipation; the fever is not con 
stanf, the cough very rarely heard. The hind limbs are weak, the walk 
tottering. Appetite often persists to the end. The skin may become 
reddened in spots, especially on the limbs and ears. Pigs over a year 
old are much less susceptible. 

At the autopsy the lungs, liver, kidneys, and spleen are usually found 
unchanged, and the disease limited to the digestive tract. The stomach 
and the small intestine near the valve are ulcerated. Ulcers are i)resent 
in the large intestine on the valve, in the caecum and colon. Tliey may 
measure 3 to 4 inches in diameter. In animals affected with a chronic 
form of the disease, there may be ulcers on the inferior surface of tho 
tongue and on the inner aspect of the lips. The internal organs arc 
free from bacteria. But from the contents of the intestine and the ulcers 
a motile bacillus was obtained. Mice are killed in teti days after sub 
cutaneous inoculation with cultures of this organism. Of ten adult, 
mice fed with cultures two died in fifteen days. Of ten young mice all 

Compt rend, Acad, iScwncen, January 2b, 1888, 
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died when fed, the first in thirty hours, the otheri^ in fifteen to twenty- 
three days. Eabbits are but slightly susceptible. A young guinea- 
pig, fed with cultures, died twenty-two days later. The intestine showed 
characteristic ulcers. 

Dr. Rietsch very kindly sent to the Bureau a culture of the germ 
which he found. It was compared with the American hog cholera germ 
and the following characters determined : 

The motile bacilli of the same form as hog cholera bacilli, but larger, 
grow far more abundantly and rapidly in beef infusion. A thin mem- 
brane and a copious deposit are produced in a few days, and the liquid 
becomes very turbid. On gelatine the colonies do not differ appreciably 
from those of hog cholera. The surface colonies spread in thin irides- 
cent patches from 2 to 5 millimeters in diameter. In tube cultures the 
isolated deep colonies grqw to about one-third of a millimeter in diameter. 
On the surface the growth is rapid and spreads over the greater part of 
that which is available. The patch produced is whitish, uniform in 
thickness, very irregular in outline, inclosing round spaces of uncovered 
gelatine. In the bottom of the tube a few air-bubbles appear. On po- 
tato the growth forms a glistening, pale-yellow patch at the ordinary 
temperature. 

They thus resemble the Swedish germs very closely, differing by so 
much from hog cholera bacilli. A rabbit and two mice inoculated with 
the Marseilles gerpi remained well. Equally so a pig fed with 400 cubic 
centimeters (four-fifths of a pint) of a beef infusion peptone culture. 

So far as our examination of the Swedish and Marseilles cultures 
have gone, they have shown them identical both as regards their posi 
tive and negative characters. They differ from hog cholera bacteria 
enough to constitute at least a variety. But the investigations of 
French savants of this Marseilles epizootic differ somewhat as to the 
cause. 

Cornil and Chantemesse* described a disease discovered among swine 
in the vicinity of Paris, which they consider identical with the German 
8chwein€8€uche and our swine plague. Subsequent experimentst to 
determine the biological properties of the bacteria causing the disease 
show that they are not dealing with the true swine plague germ (cer 
tainly not as we have observed it in this country), but with one resein- 
hling more nearly hog cholera. Their researches concerning vaccina 
tion are reported to have been successful on rabbits and guinea-pigs, 
but since that time nothing has been published concerning experiments 
on pigs. 

While Kietsch and Jobertf come to the conclusion that the Mar- 
seilles disease resembles hog cholera closely, Cornil and Chantemesse 
regard it identical with swine plague, although the germ they describe 

* Compt. rend. Acad. Sciences j 1887, CV, p. 1281. 
+ Compt. rend. Acad. Sciences, 1S88, CVI, p. C12. 
U. c, p. 1096. 
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is not identical with the swine plague germ as studied in Germany aud 
ill the United States.* 

It is interesting in this connection to trace the march of infection in 
the south of France as repoited to the French Academy by Fouquet as 
an excellent illustration of the wnys by which infectious diseases may be 
scattered broadcast over a country: 

''The disease did not, as was supposed, appear in Marseilles toward 
the end of June, but in the month of April, and I have been able to locate 
three entirely distinct centers of the outbreak due to the same cause — 
the introduction of African swine. These three centers are : The village 
of Caillols, midway between Aubagne and Marseilles 5 the village of 
St. Marthe, G^'". northeast of Marseilles, and the herds of the Mediter- 
ranean distilleries. 

(1) From the 10th to the 15th of April, a breeder of Caillols received 
a drove of black swine from the province of Oran (Algiers). From the 
lirst week some cases of pneumonia| showed themselves among the last 
animals; the disease gained rapidly, causing many deaths. The surviv- 
ors were sold on the 4th of May following. 

On the 8th of June the same piggeries were restocked, partly with 
African and partly with Russian swine. Towards the end of the mouth 
there were cases of pneumonia. The liussian swine resisted less than 
the others. August IG the piggery was again emptied. Finally during 
September the third attempt was made, exclusively with African swine. 
This also proved a failure. The survivors were sold in October. 

During this time the disease reached the neighboring piggeries stocked 
with a mixed Marseilles breed. The breeders of Caillols, alarmed by 
the ravages of an epizootic the nature and cause of which they did not 
know, decided to sell out at any price. The neighboring localities, Sr. 
Marcel, St. Loup, San Joan du D6sert, etc., were successively infected. 
Infection was spread by the sales and exchanges of sick and suspected 
animals, by means of transportation (carts often used in common by sev- 
eral establishments soiled by the dejections of the sick and afterwards 
UvSed to transport healthy animals and their feed), and also by the lat- 
eral canal of Huveaune, which receives at certain points running water 
coming from the grounds on which the piggeries are located. 

At the beginm'ng of September all the valley of Huveaune, from Au- 
bagne as far as Marseilles, was infected. Diseased pigs from this re- 
gion we meet again in the market of Aubagne, at the fair of September 
21, and which became later one of the most active agents in spreading 
the divsease in the departments. 

(2) Toward the middle of the month of August the disease appeareil 
in a piggery in St. Marthe, stocked exclusively with African swiue. 
These animals came directly from Oran without coming in contact with 
any other of their species. Several days later one of the largest breed- 
ers in that vicinity, who for three months had not brought a single pig 
to his establishment, and whose piggery was at least COO feet away from 
the preceding one, sustained a considerable loss, especially among the 
pigs of 130 to 175 pounds. 

* In a recent review of the reports of the Bureau of Animal Industry by Diiclaux 
(Annales dc V Tnstitut Pasteur, July, 1883), the reviewer regards this disease as iden- 
tical with hoo: cholera, and states tliat Cornil and Chantcniesse had at first overloohd 
the moiiliti/ of the germ tliev were studying. 

tic. p. 670. 

JThe writer calls the disease infectious pneumonia for want of a better term, 
although Kietsch distinctly states the intestinal nature of the malady. Fouquo was 
no doubt led astray by the early, misleading notices of Cornil and Chantemesse. 
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(3) Finally, on the 25tli of June, sick pigs caaie from Orau to the x>ig- 
'erics oT the Mediterranean distilleries. There were very soon a num- 
ber of victims of pneumonia, not only in the distilleries but also in the 
Qeigliborbood, where there were from 4,000 to 5,000 in a comparatively 
small territory. A great many of the sick died j the others were quickly 
sent to different cities to be delivered to the butchers. I have traced 
the history ot* six sows which were sold from the midst of infection to 
Estaque; thence they passed through the commune Rove and arrived 
in August at Gignac, where they introduced the disease. By an odd 
coincidence some sick pigs from the same locality were taken to the fair 
at Aubagne and bought by a breeder of Gignac. 

The fair at Aubagne, on September 21, marked the most important 
phase in tbe progress of contagious pneumonia. During the first fort- 
night in October there was a veritable explosion of the disease, which, 
up to this time, had been scarcely known. 

The importation of the disease by animals bought at the fair of Au- 
bagne can be traced with the great st precision in the suburbs south 
and north of Marseilles, also as far as Gardanne, in the communes of 
Septemcs, Vitrolles, Pennes, etc., to Gignac, as mentioned above, even 
into the neighboring departments, which continued with the others to 
receive cousignments of Marseilles swine. It is also necessary to men 
lion Puget, Ville et Grasse, among the localities infected. 

In the beginning of December 153 swine were shipped from Mar- 
seilles to Nice; nearly all died in a few days. From that time cases 
appeared among the native pigs. 

On December 22 another lot of 133 pigs were shipped; 33 were des- 
tined for Nice and 100 for Italy. These last were sold on the 24th, in the 
market of Vintimille: nearly all died very soon. 

For several years Marseilles annually exported to Spain, and espe 
cially to Barcelona, a great number of pigs. Contagious pneumonia 
had been causing losses there for several months, even, it is said, at 
Majorka, in the Balearic Islands. The Spanish breeders, believing the 
outbreak of the disease with them was attributable to the importation 
of French pork, obtained from the authorities the permission to impose 
a quarantine of six days, at Port BouCj on swine from Marseilles, to be- 
gin on the 1st of the following February. This measure has not been 
enforced up to the present day. 

From what has preceded 1 believe I can conclude that the epizootic 
of contagious pneumonia which has raged during the year 1887 in the 
interior of France, and which at this time continues its ravages there, 
is of African origin. It has been introduced by Algerian swine which 
came from the province of Oran. This disease has made 20,000 victims 
in several months in the province of Bouches-du Ehone. 

Pigs, and especially those from three to nine months old, areoftenest 
attacked; larger pigs appear less susceptible; The Marseilles breed, 
the English (Yorkshire and Berkshire), and the Kussian swine are more 
susceptible than the African swine. 

^ Two months ago about 50 pigs two to three months old, coming from 
Cazcres and Le Fousseret, in the arrondissement of Muret, were used to 
stock a farm in Gignac. These pigs, placed in the pens which had con- 
tained sick ones, and which had only been very imperfectly disinfected, 
romaiiicd in good health, while more than a hundred cases of conta- 
gious pneumonia appeared, around them in the same piggery. After- 
wards more than 2,000 Gascon swine were imported by the single com- 
^m^iie of Gignac. Up to the present time the disease has not re-appeared. 
'A.re we here confronted by a new examjile of natural immunity com- 
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parable to that Doticcd long ago by Cbauveau in Algerian sheep in 
regard to anthrax t " 

Taking into cousicleratiou what wo know now of these epizootics and 
enzootics of swine diseases in foreign countries, we are forced to thej 
conclnsion that the disease in Sweden, Denmark, and France is closely 
related to if not identical with hog cholera as it is found in oar own 
country, while the minor differences in the disease as manifested in 
these epizootics, and in the germs producing it, can be explained ou 
the principle of the variability of disease germs, a principle in favor of 
which much evidence has already been obtained in recent bacteriologi- 
cal researches. 
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DESCRIPTION OF PLATES. 



Platk 1 : 

Csecuin of a pig affected with bog cholera laid opou to show the ulcers of the 
mucoas membraDO. The ileo-csecal valvo is near the center of the page, and 
the small intestine, with the cut end tied, is above. The smallest ulcers have 
sloughs of a uniformly yellowish color ; the larger ones have zones of differ- 
ent color, while the largest are brown or blackish. It will be seen from the 
plate that the slough or new growth in most nlcers projects slightly like a 
small flat button. 

Plate II : 

CsBcum of a pig fed with viscera from a case of hog cholera, slit open to show 
the mucous membrane thickened and quite uniformly necrosed, with isolated 
deeper ulcerations. The ileo-csdcal valve is very much thickened, its mucous 
membrane ccchymosod and ulcerated. The lymphatic glands of the meso- 
colon and those in the angle formed by the entrance of the ileum into the 
c8BCum are purplish, with cortex engorged with extravasated blood. They 
illustrate the condition of the lymphatics of both thorax and abdomen iu 
the acute hemorrhagic form of the disease. 

Platb III : 

Caecum of a pig inoculate^ with blood from a case of hog cholera. The entire 
mucous membrane is necrosed. In the upper portion of the figure about the 
valve there are groups of minute pigment spots. The valve is open to show 
the intact mucosa of the ileum. This figure also serves to illustrate the con- 
dition of the mucous membrane of caBCum and colon in pigs fed with cultures 
of hog cholera bacilli. 
Plate IV: 

Ciecum of a pig, showing round and elongated cavities on and around the ileo- 
csecal valve. These are ulcers from which the slough dropped away during 
removal. The base of the nlcers is formed by the muscular tissue of the in- 
testinal wall. The ulcers appear as if the mucosa had been punched out with 
a sharp instrument. The edge of the nlcers in the upper portion of the colon 
with the slongh still adherent. The lungs in this animal were normal, if we 
except a few collapsed areas from one-half to three-fourths inch across.. 
Plate V: 

Ulcers in the lower portion of the small intestine (ileum); not very frequent. 
Note the large, deep ones with puckered, ragged border, and the very small 
ones with a thin superficial slongh, stained with bile. 
Plate VI: 

Kidney from pig No. 7 (see p. 41), showing the hemorrhagic condition of cortex 
and engorged glomeruli. In this animal the disease was marked by the 
hemorrhagic condition of other organs. 
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DIAGNOSIS OF HOU CHOLKRA BACU.I. I. ( RABBIT ) 



PLATE XrV 

Photomicrographs of Hog Cholera Bacillus. 
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Fig. 1. X 1000. 
COVERGLASS PREPARATION FROM SPLEEN OF INOCULATED RABBIT. 






'. - ,' ■-:■,-•■•'■' '■/ ^ '.' 



•<• t': ':■■■' 



. ..\ 



Fig. 2. X 1000. 

COVERGLASS PREPARATION FROM LIQUID CULTURE FIVE DAYS OLD. 



PLATE XV 

Photomicrographs of Hog Cholera Bacillus. 
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FlQ. 1. X 1000. 
ARATION PROM LIQUID CULTURE ONE DAY OLD. 



Fio. 2. X 1000. 

COVERGLASS PREPARATION FROM GELATINE CULTURE TWO DAYS OLD. 




plate xvi 
Photomicrographs of Hog Cholera Bacillus. 
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Fig. i. X 1000. 

COVERGLASS PREPARATION FROM ROLL CULTURE (eSMARCH TUBe) 
FIFTEEN DAYS OLD. 









Fio. 2. X 1000. 

COVERGLASS PREPARATION FROM AGAR CULTURE FIFTEEN DAYS OLD. 
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CATALOGUE OF ECONOMIC PLANTS IN THE COLLECTION OF THE U. S. 

DEPARTMENT OF AGRICULTURE. 



U. S. Department of Agriculture, 
. ^ - Washington, D. C, June 5, 1891. 

' Sir: I have duly prepared by your direction a descriptive list of 
the more important economic plants at present contained in the col- 
lection of the Department, in such a form as will, in my opinion, 
most satisfactorily meet the wants of the numerous visitors and 
others interested in the work performed by the Department in this 
direction, and I beg to submit the same herewith for publication. 

William Saunders, 
Superintendent of Gardens and Grounds, 
Hon. J. M. EusK, 

Secretary of Agriculture, 



DESCRIPTIVE CATALOGUE OF PLANTS. 

1. Abelmoschus moschatus. — This plant is a native of Bengal. Its seeds were 

formerly mixed with hair powder, and are still used to perfume pomatum. 
The Arabs mix them with their coffee berries. In the West Indies the 
bruised seeds, steeped in rum, are used, both externally and internally, as a 
cure for snake bit^. 

2. Abbus precatobius. — ^Wild liquorice. This twining, leguminous plant is a 

' native of the East, but is now found in the West Indies and other tropical 
re^ons. It is chiefly remarkable for its small oval seeds, which are of a 
brilliant scarlet color, with a black scar at the place where they are attached 
to the pods. These seeds are much used for necklaces and other ornamental 
purposes, and are employed in India as a standard of weight, under the name 
of Rati. The weight of the famous Kohinoor diamond is known to have 
been ascertained in this way. The roots a£ford liquorice, which is extracted 
in the same manner as that from the true Spanish liquorice plant, the Oly- 
cyrrhiza glabra. Recently the claim was made that the weather could be 
foretold by certain movements of the leaves of this plant, but experimental 
tests have proved its fallacy. 

8. Abutilon indicum. — This plant furnishes fiber fit for the manufacture of ropes. 
Its leaves contain a large quantity of mucilage. 

4. Abutilon venqsum. — This malvaceous plant is common in collections, as are 

others of the genus. They are mostly fiber-producing species. The flowers 
of A, esculerUum are used as a vegetable in Brazil. 

5. Acacia bbasiiiensis. — This plant furnishes the Brazil wood, which yields a red 

or crimson dye, and is used for dyeing silks. The bestquality is that received 
from Pemambuco. 

6. Acacia catechu.— The drng known as catechu is principally prepared from 

this tree, the wood of which is boiled down, and the decoction suoseauently 
evaporated so as to form an extract much used as an astringent. The aca- 
cias are very numerous, and yield many useful products. Grum arable is pro- 
duced by several species, as A, vera, A, Arahica, A, Adansoniiy A. verek, and 
others. It is obtained by spontaneous exudation from the trunk and branches, 
or by incisions made in the bark, from whence it flows in a liquid state, but 
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soon hard€ii8 by exposure to the air. The largest quantity of the gum oomes 
f ron^ Bdrl)ary. Uum Senegal is produced bj A, vera. By some it is thought 
that the timber ot A. Arabtca is identical with the Shittim tree, or wood of the 
Bible. From the flowers of A. famesiana a choice and delicious perfume is 
obtained, the chief ingredient in many valued *' balm of a thousand flowers.'' 
The pods of A, coneinna are used in India as a soap for washing ; the leaves 
are used for culinary purposes, and have a pecuharly agreeable acid taste. 
The seeds of some species are used, when cooked, as articles of food. From 
the seeds of A, Niopo the Guahibo Indians prepare a snuff, by roasting the 
seeds and pounding them in a wooden platter. Its effects are to produce a 
kind of intoxication and invigorate the spirits. The bark of several species 
is extensively used for tanning, and the timber, being tough and elastic, is 
valuable for the manufacture of machinery and other purposes where great 
strength and durability are requisite. 

7. Ac^ACiA DEAL BATA. — The sllver wattle tree of Australia. The bark is used for 

tanning purposes. It is hardy South. 

8. Acacia homolophylla. — This tree furnishes the scented myall wood, a very 

hard and heavy wood, of an agreeable odor, resembling that of violets. 
Fancy boxes for the toilet are manufactured of it. 

9. Acacia mblanoxylon. — The wood of this tree is called mayall wood in New 

South Wales. It is also called violet wood, on account of the strong odor it 
has of that favorite flower; hence it is in great repute for making small 
dressing cases, etc. * 

10. Acacia MOLLiS8nfA.~The black wattle tree of Australia, which furnishes a 

good tanning principle. These larees were first called wattles from being 
used by the eany settlers for forming a network or wattling of the supple 
twigs as a substitute for laths in plastering houses. 

11. ACBOCOMIA SCLBROOARPA.— This palm grows all over South America. It is 

known as the great macaw-tree. A sweetish-tasted oil, called Mucaja oil, 
is extracted from the fruit and is used for making toilet soaps. 

13. Adansonia dioitata.— -The baobab tree, a native of Africa. It has been called 
the tree of a thousand years, and Humboldt speaks of it as *' the oldest or- 
ganic monument of our planet." Adanson, who traveled in Senegal in 1794, 
made a calculation to show that one of these trees, 80 feet in diameter, must 
be 5,150 years old. The bark of the baobab furnishes a fiber which is made 
into ropes and also manufactured into cloth. The fiber is so strong as to give 
rise to a common saying in Bengal, ** as secure as an elephant bound with 
baobab rope." The pulp of the fruit is slightly acid, and the juice expressed 
from it is valued as a specific in putrid and pestilential fevers. The ashes of 
the fruit and bark, boiled in rancid palm oil, make a fine soap. 

13. Adenanthera pavonina. — A tree that furnishes red sandal wood. A dye is 

obtained simply by rubbing the wood against a wet stone, which is used by 
the Brahmins for marking their foreheads after religious bathing. The seeds 
are used by Indian jewelers as weights, each seed weighing uniformly four 
grains. They are known as Circassian beans. Pounded and mixed with bo- 
rax, they form an adhesive substance. They are sometimes used as food. 
The plant belongs to the LeguminossB. 

14. Adhatoda yasica. — ^This plant is extolled for its charcoal in the manufacture 

of powder. The flowers, leaves, roots, and especially the fruit, are con- 
sidered antispasmodic, and are administered in India in asthma and intermit- 
tent fevers. 

15. ^GLE MARMELOS. — ^This plant belong to the orange family, and its fruit is 

known in India as Bhel fruit. It is like an orange ; the thick rind of the 
unripe fruit possesses astringent properties, and, when ripe, has an exquisite 
flavor and perfume. The fruit and other parts of the plant are used for 
medicinal purposes, and a yellow dye is prepared from the skin of the fruits. 

16. Agave Americana. — ^This plant is commonly known as American aloe, but it 

is not a member of that family, as it claims kindred with the Amaryllis tnbe 
of plants. It grows naturally in a wide range of climate, from the plains of 
South America to elevations of 10,000 feet. It furnishes a variety of prod- 
ucts. The plants form impenetrable fences; the leaves furnish fibers of 
various qualities, from the fine thread known as pita-thread, which is used for 
twine, to the coarse fibers used for ropes and cables. Humboldt describes a 
bridge of upward of 130 feet span over the Chimbo in Quito, of which the 
main ropes (4 inches in diameter) were made of this fiber. It is also used for 
n^aking paper. The juice, when the watery part is evaporated, forms a good 



Boap (as detergent as castile), and will mix and form a lather with salt water 
as well as with fresh. The sap from the heart leaves is formed into pulque. 
This sap is sour, hut has sufficient sugar and mucilage for fermentation. 
This vinous beverage has a filthy odor, but those who can overcome the 
aversion to this fetid smell indulge largely in the liquor. A very intoxicating 
brandy is made from it. Razor strops are made from the leaves ; they are 
also used for cleaning and scouring pewter. 

17. Aqavb BiaiDA. — The sisal hemp, introduced into Florida many years ago, 

for the sake of its liber, but its cultivation has not been prosecuted to a com- 
mercial success. Like many other of the best vegetable fibers found in leaves, 
it contains a gummy substance, which prevente the easy separation of the 
fiber from the pulp. 

18. Aleurites triloba. — The candleberry tree, much cultivated in tropical coun- 

tries for the sake of its nuts. The nuts or kernels, when dried and stuck on a 
reed, are used by the Polynesians as a substitute for candles and as an article of 
food; they are said to taste like walnuts. When pressed, they yield largely of 
pure x^alatable oil, as a drying oil for paint, and known as artists' oil. The 
cake, after the oil has been expressed, is a favorite food for cattle. The root 
of the tree affords a brown dye, which is used to dye cloths. 

19. AXGABOBIA QLANDULOSA. — The mezqulte tree, of Texas, occasionally reaching a 

height of 25 to 30 feet. It yields a very hard, durable wood, and affords a large 
quantity of gum resembling gum arable, and answering every purpose of that 
gum. 

20. Allamanda cathartica. — This plant belongs to the family of Apoc^fnacece, 

which contains many poisonous species. It is often cultivated for the beauty 
of its flowers; the leaves are considered a valuable cathartic, in moderate 
doses, especially in the cure of painter's colic; in large doses they are violently 
emetic. It is a native of South America. 

21. Aloe socotbina. — ^Bitter aloe, a plant of the lily family, which furnishes the 

finest aloes. The bitter, resinous juice is stored up in greenish vessels, lying 
beneath the skin of the leaf, so that when the leaves are cut transversely, the 

i'uice exudes, and is gradually evaporated to a firm consistence. The inferior 
dnds of aloes are prepared by i>ressing the leaves, when the resinous juice 
becomes mixed with the mucilaginous fluid from the central part of the leaves, 
and thus it is proportionately deteriorated. Sometimes the leaves are cut and 
boiled, and the decoction evaporated to a proper consistence. This drug is 
imported in chests, in skins of animals^ and sometimes in large calabash- 

f;ourds, and although the taste is pecuUarly bitter and disagreeable, the per- 
ume of the finer sorts is aromatic, and by no means offensive. It is common 
in tropical countries. 

22. Alsophila australis. — ^This beautiful tree-fern attains a height of stem of 25 

to 30 feet, with fronds spreading out into a crest 26 feet in diameter. These 
plants are among the most beautiful of all vegetable productions, and in their 
gigantic forms indicate, in a meager degree, the exfi-aordinary beauty of the 
vegetation on the globe previous to the formation of the coal measures. 

23. Alstonla. scholaris.— The Pali-mara, or devil tree, of Bombay. The plant 

attains a height of 80 or 90 feet; the bark is powerfully bitter, and is used in 
India in medicine. It is of the family of Apocynaceoe. 

24. Amomuh meleguetta. — Malaguetta pepper, or grains of paradise; belonging 

to the ginger family, Zingiberaceoe, The seeds of this and other species ai-e 
imported from Guinea; they have a very warm and camphor-like taste, and 
are used to give a fictitious strength to adulterated liquors, but are not con- 
sidered particularly injurious to health. The seeds are aromatic and stimu- 
lating, and form, with other seeds of similar plants, what are known as car- 
damoms. 

25. Amyris balsamifera. — This plant yields the wood called Lignum Rhodium. 

It also furnishes a gum resin analogous to Elemi, and supposed to yield In- 
dian Bdellium. 

26. Anacardium occidentale. — The cashew nut tree, cultivated in the West Indies 

and other tropical countries. The stem furnishes a milky juice, which be- 
comes hard and black when dry, and is used as a varnish. It also secretes 
a ^m, like gum arable. The nut or fruit contains a black, acrid, caustic oil, 
injurious to the lips and tongue of those who attempt to crack the nut with 
their teeth; it b^omes innocuous and wholesome when roasted, but this 
process must be carefully conducted, the acridity of the fumes producing 
severe inflammation of the face if approached too near. 



27. Ananassa sattva. — The well-known pineapple, the fruit of which was de- 

scribed three hundred yesurs ago, by Jean de Lery, a Huguenot priest, as being 
of such excellence that the gods might luxuriate upon it, and that it should 
only be gathered by the hand of a Venus. It is supposed to be a native of 
Brazil, and to have been carried from thence to the West, and afterwards to 
the East Indies. It first became known to Europeans in Peru. It is univer- 
sjilly acknowledged to be one of the most delibious fruits in the world. Like 
tdl other fruits that have been a long time under cultivation, there are numer- 
ous varieties that vary greatly, both in quality and appearance. The leaves 
^eld a fine fiber, which is used in the manufacture of pina cloth; this cloth 
IS very delicate, *soft, and transparent, and is made into shawls, scarfs, hand- 
kerchiefs, and dresses. 

28. Andira inermis. — This is a native of Senegambia. Its bark is anthelmintic, 

but requires care in its administration, bein^ powerfully narcotic. It has a 
sweetish taste, but a disagreeable smell, and is generally given in the form of 
a decoction, which is made by boiling an ounce of the dried bark in a quart 
of water until it assumes the color of Madeira wine. Three or four grains of 
the powdered bark acts as a powerful purgative. The bark is known as 
bastard cabbage bark, or worm bark. It is almost obsolete in medicine. 

29. ANDROPOaoN MURICATUS.— The Khus-Khus, or Vetiver graas of India. The 

fibrous roots yield a most peculiar but pleasing perfume. In India the leaves 
are manufactured into awnings, blinds, and sunshades; but principsilly for 
screens, used in hot weather for doors and windows, which, when wetted, 
diffuse a peculiar and refreshing perfume, while cooling the air. 

80. Andropogon sch^snanthus. — ^The sweet-scented lemon grass, a native of 
Malabar. An essential oil is distilled from the leaves, which is used in per- 
fumery. It is a favorite herb with the Asiatics, both for medicinal and cu- 
linary purposes. Tea from the dried leaves is a favorite beverage of some 
persons. 

31. Anona cherimolia. — ^The Cherimoyer of Peru, where it is extensively cultivated 

for its fruits, which are highly esteemed by the inhabitants, but not so highly 
valued by those accustomed to the fruits of temperate climates. The fruit, 
when ripe, is of a pale greenish-yellow color, tinged with purple, weighing 
from 3 to 4 pounds; the skin thin; the flesh sweet, and about the consistence 
of a custard; hence often called custard apple. 

32. Anona muricata. — The sour-sop, a native of the West Indies, which produces 

a fruit of considerable size, often weighing over 2 pounds. The pulp is 
white and has an acrid flavor, wliich is not disagreeable. 

33. Anona reticulata. — ^The common custard apple of the West Indies. It has a yel- 

lowish pulp and is not so highly esteemed as an article of food as some others 
of the species. It bears the name of Condissa in BraziL The Anonas are 
grown to some extent throughout southern Florida. 

34. Anona squamosa. — The sweet-sop, a native of the Malay Islands, where it is 

grown for its fruits. These are ovate in shape, with a thick rind, which in- 
closes a luscious pulp. The seeds contain an acrid princii)le, and, being re- 
duced to powder, form an ingredient for the destruction of insects. 

35. Antiaris innoxia. — The upas tree. Most exaggerated statements respecting 

this plant have passed into history. Its poisonous influence was said to be so 
great as not only to destroy all animal life but even plants could not live 
within 10 miles of it. The plant has no such virulent properties as the above, 
but, as it inhabits low valleys in Java where carbonic acid gas escapes from 
the crevices in volcanic roots which frequentiy proves fated to animals, the 
tree was blamed wrongly. It is, however, possessed of poisonous juice, which, 
when dry and mixed with other ingredients, forms a venomous poison for 
arrows, and severe effects have been felt by those who have climbed upon 
the branches for the purpose of gathering the flowers. 

36. Antiaris saccidora. — The sack tree; so called from the fibrous bark being 

used as sacks. For this purpose young trees of about a foot in diameter are 
selected and cut into junks of the same length as the sack required. The 
outer bark is then removed and the inner bark loosened by pounding, so that 
it can be separated by turning it inside out. Sometimes a small piece of the 
wood is left to form the bottom of the sack. The fruit exudes a milky, 
viscid juice, which hardens into the consistency of beeswax, but becomea 
black and shining. 

37. Antidesma bunias.— -An East India plant which produces small, intensely 

black fruit about the size of a currant, used in making preserves. The bark 



furnishes a good fiber, which is utilized in the manufacture of ropes. A 
decoction of the leaves is a reputed cure for snake bites. The whole plant 
is very bitter. 

38. Araua papyrifera. — The Chinese rice paper plant. The stems are filled with 

pith of very fine texture and white as snow, from which is derived the article 
known as rice paper, much used in preparing artificial flowers. 

39. Aratjc ARIA BiDWiLLi. — Tlie Bunya-Bunya of Australia, which forms a large tree, 

reaching from 150 to 200 feet in height. The cones are very large, and con- 
tain one hundred to one hundred and fifty seeds, which are highly prized 
by the aborigines as food. They are best when roasted in the shell, cracked 
between two stones and eaten while hot. In flavor they resemble roasted 
chestnuts. During the season of the ripening of these seeds the natives grow 
sleek and fat. That part of the country where these trees most abound is 
called the Bunya-Bunya countiy. 

40. Araucaria brasiuensis. — The Brazilian Araucaria, which grows at great ele- 

vations. The seeds of this tree are commonly sold in the markets of Rio 
Janeiro as an article of food. The resinous matter which exudes from the 
trunk is employed in the manufactiu*e of candles. 

41. Araucaria cunninqhami. — The Morton Bay pine. This Australian tree forms 

a very straight trunk, and yields a timber of much commercial iniportance 
in Sidney and other ports. It is chiefly used for house building and some of 
the heavier articles of furniture. 

42. Araucaria excelsa. — This very elegant evergreen is a native of Norfolk 

Island. Few plants can compare with it in beauty and regularity of growth. 
The wood is of no particular value, although used for building purposes in 
Norfolk Island. 

43. Ardisia crenata. — ^A native of China. The bark has tonic and astringent 

properties, and is used in fevers and for external application in the cure of 
ulcers, etc. 

44. Areca catechu. — This palm is cultivated in all the warmer parts of Asia for 

its seed. This is known under the name of betel nut, and is about the size of 
a nutmeg. The chewing of these nuts is a common prgujtice of hundreds of 
thousands of people. The nut is cut into small pieces, mixed with a small 
quantity of lime, and rolled up in leaves of the betel pepper. The pellet is 
chewed, and is hot and acrid, but p^ossesses aromatic and astringent proper- 
ties. It tinges the saliva red and stains the teeth. The practice is considered 
beneficial rather than otherwise, just as chewing tobacco-leaves, drinking al- 
cohol, and eating chicken-salad are considered healthful practices in some 
portions of the globe. A kind of catechu is obtained by Iboiling down the 
seeds to the consistence of an extract, but the chief supply of this drug is Aca- 
cia catechu. 

45. Arqania sideroxylon. — This is the argan tree of Morocco. It is remarkable 

for its low-spreading mode of growth. Trees have been measured only 16 
feet in height, while the circumference of the branches was 220 feet. The 
fruit is much eaten and relished by cattle. The wood is hard and so heavy as 
to sink in water. A valuable oil is extracted from the seeds. 

46. Aristolochia GRANDIFLORA. — The pelican flower. This plant belongs to a fam- 

ily famed for the curious construction of their flowers, as well as for their 
niedical qualities. In tropical America various species receive the name of 
" Gxiaco," which is a term given to plants that are used in the cure of snake 
bites. Even some of our native species, such as A. serpentariay is known as 
snaJte-root, and is said to be esteemed for curing the bite of the rattlesnake. 
It is stated that the Egyptian jugglers use some of these plants to stupify the 
snakes before they handle them. A. hracteata and A, indica are us^ for 
similar purposes in India. It is said that the juice of the root of A. anguicida, 
if introduced into the mouth of a serpent, so stupefies it that it may be han- 
dled with impunity. The Indians, after having " guaconized " themselves, 
that is, having taken Giiaco, handle the most venomous snakes without in- 

jiiry- 

47. Artanthe elongata. — A plant of the pepper family, which furnishes one of 

the articles known by the Peruvians as Matico, and which is used by them 
for the same purposes as cubebs; but its chief value is as a styptic, an effect 
probably produced by its rough under surface, acting mechanically like lint, 
ft hjus been employed internally to check hemorrhages, but with doubtful 
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effect. Its aromatic bitter stimulant properties are like those of cubebs, and 
depend on a volatile oil, a dark-green resin, and a peculiar bitter principle 
called maticin, 

48. Aetocarpus incisa. — This is tlie breadfruit tree of the South Sea Islands, 

where its introduction gave occasion for the historical incidents arising from 
the mutiny of the " Bounty." The round fruits contain a white pulp, of the 
consistence of new bread. It is roasted before being eaten, but has little 
flavor. The tree furn^hes a viscid juice containing caoutchouc, which is 
^ised as glue for calking canoes. In the South Sea Islands the breadfruit 
constitutes the principal article of diet; it is prepared by baking in an oven 
heated by hot stones. 

49. Artocarpus inteqrifolia. — The jack of the Indian Archipelago, cultivated 

for its fruit, which is a favorite article among the natives, as sdso are the 
roasted seeds. The wood is much used, and resembles mahogany. Bird-lime 
is made from the juice. 

50. ASTROCABTUM VULGARE. — Every part of this South American palm is covered 

with sharp spines. It is cultivated to some extent by the Indians of Brazil for 
the sake of its young leaves, which furnish a strong fiber for making bow- 
strings, fishing nets, etc. The finer threads are knitted into hanmiocks, which 
are of great s&ength. It is known as Tucum thread. The pulp of the fruit 
furnishes an oil. In Guiana it is called the Aoura palm. 

61. Attalea cohune. — This palm furnishes Cahoun nuts, from which is extracted 
cohune oil, used as a burning oil, for which purpose it is superior to cocoanut 
oil. Piassaba fiber is furnished by this and A»funifera, the seeds of which 
are known as Coquilla nuts ; these nuts are 3 or 4 inches long, oval, of a rich 
brown color, and very hard ; they are much used by turners for making the 
handles of doots, umbrellas, etc. The fiber derived from the decaying of the 
cellular matter at the base of the leaf -stalks is much used in Brazil for making 
ropes. It is largely used in England and other places for making coarse brooms, 
chiefly used in cleaning streets. 

52. Ayerrhoa biumbi.— This is called the blimbing, and is cultivated to some 

extent in the East Indies. The fruit is oblong, obtuse-angled, somewhat re- 
sembling a short, thick cucumber, with a thin, smooth, green rind, filled with 
a pleasant, acid juice. 

53. AvERRHOA CARAMBOLA. — The caramba of Ceylon and Bengal. The fruit of this 

tree is about the size of a large orange, and, when ripe, is of a rich yellow 
color, with a very decided and agreeable fragrance. The pulp contains a large 
portion of acid, and is generally used as a pickle or preserve. In Java it is 
used both in the ripe and unripe state in pies ; a suiip is also made of the 
juice, and a conserve of the fiowers. These preparations are highly vidued as 
remedies in fevers and bilious disorders. 

54. Bactris major. — ^The Marajah palm, of Brazil, which grows upon the banks of 

the Amazon River. It has a succulent, rather acid fruit, from which a vinous 
beverage is prepared. B, minor has a stem about 14 feet high and about an 
inch in diameter. These stems are used for walking canes, and are sometimes 
called Tobago canes. 

55. Balsamocarpon brevifolium.— This shrub is the aJgarrobo of the Chilians. 

It belongs to the pea family. Its pods are short and thick, and when unripe 
contain about 80 per cent of tannic acid; the ripe pods become transformed 
into a cracked resinous substance, when their tanning value is much impaired: 
this resinous matter is astringent, and is used for dyeing black and for mak- 
ing ink. 

56. Balsamodendron myrrha. — ^A native of Arabia Felix, producing a gum rosin, 

sometimes called Opobalsamum, which was .considered by the ancients as a 
panacea for almost all the ills that flesh is heir to. B. Mukvi yields a resin 
^of this name, and is considered identical with the Bdellium of Dioscorides and 
of the Scriptures. The resin has cordial and stimulating properties, and is 
burnt as an incense. In ancient times it was used as an embalming ingre- 
dient. 

57. Bambusa arundinacea. — The bamboo cane, a gigantic grass, cultivated in many 

tropical and semitropical countries. The Chinese use it in one way or other 
for nearly everything they require. Almost every article of furniture in their 
houses, including mats, screens, chairs, tables, bedsteads, and bedding, is made 
made of bamboo. The masts, sails, and rigging of their ships consist chiefly 
of bamboo. A fiber has been obtained from the stem suitable for mixing 



^ith wool, cotton, and silk; it is said to be very soft and to take dyes easily. 
They have treatises and volumes on its culture, showing the best soil and the 
seasons for planting and transplanting this useful production. 

58. Bauhinia VAHLn. — The Maloo-climber of India, where the gigantic shrubby 

stems often attain a height of 300 feet, running over the tops of the tallest 
trees, and twisting so tightly around their stems as to kill them. The exceed- 
ingly tough fibrous bcurk of this plant is used in India for making ropes and 
in the construction of suspension bridges. The seeds form an article of food; 
they are eaten raw, and resemble cashew nuts in flavor. 

59. Bbaucabnba recurvifolia. — ^This Mexican plant is remarkable for the large 

bulbiform swelling at the base of the stem. It is a plant of much elegance 
and beauty, resembling a drooping fountain. 

60. Bergbra konioi. — ^The curry-leaf tree of India. The fragrant, aromatic leaves 

are used to flavor curries. The leaves, root, and bark are used medicinally. 
The wood is hard and durable, and from the seeds a clear, transparent oil, 
called Simbolee oil, is extracted. 

61. Berrya ammonilla. — ^This furnishes the Trincomalee wood of the Philippine 

Islands and Ceylon, and is largely used for making oil casks and for buUding 
boats, for which it is well adapted, being light and strong. 

62. Berthollettia excelsa. — This furnishes the well known Brazil nuts, or cream 

nuts of commerce. The tree is a native of South A merica and attains a 
height of 100 to 150 feet. The fruit is nearly round and contains from eight- 
een to twenty-four seeds, which are so beautifully packed in the shell that 
when once removed it is found impossible to replace them. A bland oil is 
pressed from the seeds, which is used by artists, and at Para the fibrous bark 
of the tree is used for calking ships, as a substitute for oakum. 

G3. BiGNONiA ECHINATA. — ^A native of Mexico, where it is sometimes called Mari- 
XX>sa butterfly. The branches are said to be used in the adulteration of sarsa- 
parilla. B, chica^ a native of Venezuela, furnishes a red pigment, obtained 
by maceratingthe leaves in water, which is used by the natives for painting 
their bodies. The long flexible stems of B, kerere furnish the natives or French 
Guiana with a substitute for ropes. B: alliacea is termed the Garlic shrub, 
because of the powerful odor of garlic emitted from its leaves and branches 
when bruised. These plants all have showy flowers, and the genus is repre- 
sented with us by such beautiful flowers as are produced by B, radicans and 
B, capreolata, 

64. BiXA 0RELLAI7A. — Amotta plant. This plant is a native of South America, but 

has been introduced ana cultivated both in the West and East Indies. It 
bears bunches of pink-colored flowers, which are followed by oblong bristled 
pods. The seeds are thinly coated with red, wax^ pulp, which is separated 
by stirring them in water until it is detached, when it is strained off and evapo- 
rated to the consistence of putty, when it is made up into rolls ; in this con- 
dition it is known as flag or roll amotta, but when thoroughly dried it is 
made into cakes and sola as cake amotta. It is much used by the South 
American Caribs and other tribes of Indians for painting their bodies, paint 
being almost their only article of clothing. As a commercial article it is 
mainly used as a coloring for cheese, butter, and inferior chocolates, to all of 
which it gives the required tinge without imparting any unpleasant flavor 
or unwholesome quality. It is also used in imparting rich orange and gold- 
colored tints to various kinds of varnishes. 

65. Bliqhia sapid a. — The akee fruit of Guinea. The fruit is about 3 inches long 

by 3 inches wide; the seeds are surrounded by a spongy substance, which is 
eaten. It has a subacid, agreeable taste. A small quantity of semisolid 
fatty oil is obtained from the seeds by pressure. 

66. BcEHMERiA NIVEA. — A plant of the nettle family, which yields the fiber known 

as CJhinese grass. The beautiful fabric csdled grassclotn, which rivals the best 
French cambric in softness and fineness of texture, is manufactured from 
the fiber of this plant. ' The fiber is also variously known in commerce as 
rheea, ramie, and in China as Tchow-ma. It is a plant of the easiest cul- 
ture, and has been introduced into the Southern States, where it grows 
freely. When once machinery is perfected so as to enable its being cheaply 
prepared for the manufacturer, a great demand will arise for this fiber. 

67. BoLDOA FRAGRANS. — A Chilian plant which yields small edible fruits; these, as 

well as all parts of the plant, are very aromatic. The bark is used for tan- 
ning, andj tne wood is highly esteemed for making charcoal. An alkaloid 
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called holding, extracted from the plant, ha^ reputed medicinal value, and a 
drug called Boldu is similarly proauced. 

68. BoRASSUS FLA.BELUPORMIS.— The Palmyra palm. The parts of this tree are 

applied to such a multitude of purposes that a poem in the Tamil language, 
aitnough enumerating eight hundred uses, does not exhaust the catalogue. 
In old trees the wood becomes hard and is very durable. The leaves are 
from 8 to 10 feet long, and are used for thatching houses, making various 
mattings, bftgs, etc. They also supply the Hindoo with paper, upon which 
he writes with a stylus. A most unportant product called toddy or palm 
wine is obtained from the flower spikes, which yield a great quantity of 
juice for four or five months. Palm-toddy is intoxicating, and when dis- 
tilled yields strong arrack. Very good vinegar is also obtained from it, and 
large quantities of jaggery or palm sugar are manufactured from the toddy. 
The fruits are large and have a thick coating of fibrous pulp, which is cooked 
and eaten or made into jelly. The young palm plants are cultivated for the 
market, as cabbages are with us, and eaten, either when fresh or after being 
dried in the sun. 

69. BoswELMA THURIFERA. — This Coromandel tree furnishes the resin known as 

olibanum, which is supposed to have been the frankincense of the ancients. 
It is sometimes used in medicine as an astringent and stimulant, and is em- 
ployed, because of its grateful perfume, as an incense in churches. 

70. Bromelia karatas. — ^The Corawa fiber, or silk-grass of Guiana, is obtained 

from this plant, which is very strong, and much used for bowstrings, fishing 
lines, nets, and ropes. 

71. Bromelia pinguin. — This is very common as a hedge or fence plant in the 

West Indies. The leaves, when beaten with a blunt mallet and macerated in 
water, produce fibers from which beautiful fabrics are manufactured. The 
fruit yields a cooling juice much used in fevers. 

72. Brosium alicastrum.— The bread-nut tree of Jamaica. The nuts or seeds 

produced by this tree are said to form an agreeable and nutritious article of 
rood. When cooked they taste like hazelnuts. The young branches and 
shoots are greedily eaten by horses and cattle, and the wood resembles ma- 
hogany, and is used for making furniture. 

73. Brosimum galactodendron— The cow tree of South America, which yields a 

milk of as good quality as that from the cow. It forms large forests on the 
mountains near the town of Cariaco and elsewhere along the seacoast of 
Venezuela, reaching to a considerable height. In South America the cow 
tree is called Palo de Vaca, or Arbol de Leche. Its mUk, which is obtained by 
making incisions in the trunk, so closely resembles the milk of the cow, both 
in appearance and quality, that it is commonly used as an article of food by 
the inhabitants of the places where the tree is abundant. Unlike many other 
vegetable milks, it is perfectly wholesome, and very nourishing, possessing an 
agreeable taste, and a pleasant balsamic odor, its only unpleasant quality be- 
ing a slight amount of stickiness. The chemical analysis of this mUk has 
shown it to possess a composition closely resembling some animal substances; 
and, like animal milk, it quickly forms a cheesy scum, and after a few days' 
exposure to the atmosphere, turns sour and putrifies. It contains upw^ds 
of 30 per cent of a resinous substance called galactine. 

74. Brya ebenus.— Jamaica or West India ebony tree. This is not the plant that 

yields the true ebony-wood of commerce. Jamica ebony is of a greenish- 
brown color, very hard, and so heavy that it sinks in water. It takes a good 
polish, and is used by turners for tiie manufacture of numerous kinds of 
small wares. 

75. Byrsonima spicata. — A Brazilian plant, furnishing an astringent bark used 

for tanning, and also containing a red coloring matter employed in dyeing. 
The berries are used in medicine, and a decoction of the roots is used for 
ulcers. 

76. C^SALPiNiA BONDUC. — A tropical plant, bearing the seeds known as nicker nuts, 

or bonduc nuts. These are often strung together for necklaces. The kernels 
have a very bitter taste, and the oil obtain^ from them is used medicinally. 

77. C^SALPINA pulcherrima.— This beautiful flowering leguminous plant is a na- 

tive of the East Indies, but is cultivated in all the ti'opics. In Jamaica it is 
called tlie " Barbados flower." The wood is sought after for charcxMd, and a 
decoction of the leaves and flowers is used in fevers. 
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78. CaSALPlNlA SAPPAN. — The brownish-red wood of this Indian tree furnishes the 

Sappan wood of commerce, from which dyers obtain a red color, principally 
used for dyeing cotton goods. Its root also aiTords an orange-yellow dye. 

79. Calamus rotang. — This is one of the palms that furnish the canes or rattans 

used for chair bottoms, sides of pony-carriages, and similar purposes. It is a 
climbing palm and grows to an immense length; specimens 800 feet long have 
been exhibited, climbing over and amongst the branches of trees, supporting 
themselves by means of the hooked spines attached to the leaf stalks. C ru- 
dentum and C, viminalis furnish flexible canes. In their native countries 
they are used for a variety of manufacturing purposes, also for ropes and 
cables used by jimks and other coasting vessels. In the Himalayas they are 
used in the formation of suspension bridges across rivers and deep ravines. C. 
sdpionum furnishes the well-known Malacca canes used for walking sticks. 
They are naturally of a rich brown color. The clouded and mottled appear- 
ance which some of these present is said to be imparted to them by smoking 
and steaming. 

80. Callistemon salignum. — A medium-sized tree from Australia; one of the many 

so-called tea trees of that countrv. The wood, which is very hard, is known 
as stone wood and has been used, for wood engi*aving. Layers of the bark 
readily peel off; hence it also receives the name of paper-bark plant. 

81. Calmtris quaprivalvis. — This coniferous plant is a native of Barbary. It 

yields a hard, durable, and fragrant timber, and is much employed in the 
erection of mosques, etc. , by the Africans of the North. The resin that ex- 
udes from the tree is used in varnish under the name of gum-sandarach. In 
powder it forms a principal ingredient of the article known as pounce. 

82. Calophyllum calaba. — This is called calaba tree in the West Indies, and an 

oil, fit for burning, is expressed from the seeds. In the West Indies these 
seeds are called Santa Maria nuts. 

83. Calotropis gigantea. — The inner bark of this plant yields a valuable fiber, 

capable of bearing a greater strain than hemp. All parts of it abound in a 
very acrid milky juice, which hardens into a substance resembling gutta- 
percha; but in its fresh state it is a valuable remedy in cutaneous diseases. 
The bark of the root also possesses similar medical quahties; and its tincture 
yields rrmdarine, a substance that has the property of gelatinizing when 
heated, and returning to the fluid state when cool. Paper has been made 
from the silky down of the seeds. 

84. Camellia japonica. — A well-known green-house plant, cultivated for its large 

double flowers. The seeds furnish an oil of an agreeable odor, which is used 
for many domestic purposes. 

85. Camphora officinarum. — This tree belongs to the LauracsB. Camphor is 

prepared from the wood by boiling chopped branches in water, when, after 
some time, the camphor becomes deposited and is purified by sublimation. 
It is mainly product in the island of Formosa. The wood of the tree is 
highly prized for manufacturing entomological cabinets. As the plant grows 
well over a large area in the more Southern States, it is expected that the 
preparation of its products will become a profitable industry. 

86. Canella alba. — This is a native of the West Indies, and furnishes a pale 

olive-colored bark with an aromatic odor, and is used as a tonic. It is used 
by the natives as a spice. It furnishes the true canella bark of commerce, 
also laiown as white-wood bark. 

87. Capparis spinosa. — The caper plant, a native of the South of Europe and of 

the Mediterranean regions. The commercial product consists of the flower- 
buds, and sometimes the unripe fruits, pickied in vinegar. The wood and 
bark possess acrid qualities which will act as a blister when applied to the 
skin. 

88. Carapa gxtianensis. — ^A meliaceous plant, native of tropical America, where it 

grows to a height of 60 to 80 feet. The bark of this tree possesses febrifugal 
properties and is also used for tanning. By pressure, the seeds yield a liquid 
oil called carap-oil or crab-oil, suitable for burning in lamps. 

89. Carica papaya. — This is the South American papaw tree, but is cultivated in 

most tropical countries. It is also known as the melon-apple. The fruit is 
of a dingy orange-color, of an oblong form, about 8 to 10 inches long, by 3 or 
4 inches broad. It is said that the juice of the tree, or an infusion of the 
leaves and fruit, has the property of rendering tough fiber quite tender. 
Animals fed upon the fruit and leaves will have very tender and juicy fiesh. 
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90. Carludovica pai^mata. — A pandanaceous plant from Panama and soathward. 

Panama hats are made from the leaves of this plant. The leaves are cut when 
young, and the stiff parallel veins removed, after which they are slit into 
shreds, but not separated at the stalk end, and immersed in boiling water for 
a short time, then bleached in the sun. 

91. Caryocab NUCiFERUif. — On the river banks of Guiana this grows to a large-sized 

tree. It vields the butter-nuts, or souari-nuts of commerce. These are of a 
flattened kidney shape, with a hard woodv shell of a reddish-brown color, and 
covered with wart-like protuberances. The nuts are pleasant to eat, and yield, 
by expression, an oil called Piquia oil, which possesses the flavor of the fruit. 

93. Caryophtllus aromaticus. — ^This myrtaceous plant produces the well-known 
spice called cloves. It forms a beautiful evergreen, rising from 20 to 30 feet 
in height. The cloves of commerce are the unexpanded flower-buds; they 
are collected by beating the tree with rods, when the buds, from the jointed 
character of their stalks, readily fall, and are received on sheets spread on 
purpose; they are then dried in the sun. All parts of the plant are aromatic, 
from the presence of a volatile oil. The oil is sometimes used in toothache 
and as a carminative in medicine. 

93. Caryota urens. — This flue palm is a native of Ceylon, and is also found in other 

parts of India, where it supplies the native population with various impor- 
tant articles. Large quantities of toddy, or palm-wine, are prepared from 
the juice, which, when boiled, yields very good palm sugar or jaggery, and 
also excellent sugar candy. Sago is also prepared from the central or pithy 
part of the trunk, and forms a large portion of the food of the natives. The 
fiber from the leaf stalk is of great strength; it is known as Kittool fiber, 
and is used for making ropes, brushes, brooms, etc. A woolly kind of scruf, 
scraped off the leaf stalks, is used for calking boats, and the stem furnishes 
a small quantity of wood. 

94. Casimiroa edulis. — A Mexican plant, belonging to the orange family, with a 

fruit about the size of an ordinary orange, wluch has an agreeable taste, but 
is not considered to be wholesome. The seeds are poisonous; the bark is bit- 
ter, and is sometimes used medicinally. 

95. Cassia acutifolia. — The cassias belong to the leguminous family. The leaf- 

lets of this and some other species produce the well-known drug called senna. 
That known as Alexandria senna is produced by the above. East Indian 
senna is produced by C elongata, Aleppo senna is obtained f roni C obovata. 
The native species, C. marytandica, possesses similar properties. The seeds 
of C absus, a native of Egypt, are bitter, aromatic, and mucilaginous, and 
are used as a remedy for ophthalmia. C, fistula is called the Pudding-Pipe 
tree, and furnishes the cassia pods of commerce. The seeds of C, oceidentaltSf 
when roasted, are used as a substitute for coffee in the Mauritius and in the 
interior of Africa. 

90. Castilloa elastica. — ^This is a Mexican tree, which yields a milky juice, form- 
ing caoutchouc, but is not collected for commerce except in a limited way. 

97. Casuarina quadrivalvis. — This Tasmanian tree produces a very hard wood of 

a reddish color, often called Beef wood. It is marked with dark stripes, and 
is much used in some places for picture frames and cabinetwork. This be- 
longs to a curious family of trees having no leaves, but looking like a gigantic 
specimen of Horse-tail grass, a weed to be seen in wet places. 

98. Catha edulis. — ^This plant is a native of Arabia, where it attains the height of 

7 to 10 feet. Its leaves are used by the Arabs in preparing a beverage lite tea 
or coffee. The twigs, with leaves attached, in bundles of fifty, and in pieces 
from 12 to 15 inches in length, form a very considerable article of commerce, 
its use in Arabia corresponding to that of the Paraguay tea in South America 
and the Chinese tea in Europe. The effects produced by a decoction of the 
leaves of Caf ta, as they are termed, are described as similar to those produced 
^ by strong green tea, only more pleasing and agreeable. The Arab soldiers chew 
the leaves when on sentry duty to keep them from feeling drowsy. Its use is of 
great antiquity, preceding that of coffee. Its stimulating effects induced some 
Arabs to class it with intoxicating substances, the use of which is forbidden 
by the Koran, but a s^nod of learned Mussulmans decreed that, as it did not 
impair the health or impede the observance of religious duties, but only in- 
creased hilarity and good humor, it was lawful to use it. 

90. Cecropia peltata. — The South American trumpet tree, so called because its 
hollow branches are used for musical instruments. The Waupe Indians form 
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a kind of drum by removing the pith or center of the branches. The inner 
bark of the young branches yields a very tough fiber, which is made into 
ropes. The milky juice of the stem hardens into caoutchouc. 

100. Cedrela. odorata. — This forms a large tree in the West India Islands, and is 

hollowed out for canoes; the wood is of a brown color and has a fragrant 
odor, and is sometimes imported under the name of Jamaica cedar. 

101. Ceph^us ipecacuanha. — This Brazilian plant produces the true ipecacuanha, 

and belongs to the Cinchoncuxe, The root is the i>art used in medicine, it 
is knotty, contorted, and annulated, and of a grayish-brown color, and its 
emetic properties are due to a chemical principle called emetin. 

102. Ceratonia sujqua. — ^The carob bean. This leguminous plant is a native of 

the countries bordering on the Mediterranean. The seed pods contain a 
quantity of mucilaginous and saccharine matter, and are used as food for 
cattle. Besides the name of carob beans, these pods are known as locust 
pods, or St. John^s bread, from a supposition that they formed the food of 
St. John in the wilderness. It is now generally admitted that the locusts 
of St. John were the insects so called, and which are still used as an article 
of food in some of the Eastern countries. There is more reason for the 
belief that the husks mentioned in the parable of the prodigsJ son were 
these pods. The seeds were at one time used by singers, who imagined 
that they softened and cleared the voice. 

103. Cerbera thevetia. — ^The name is intended to imply that the plant is as dan- 

gerous as Cerberus. The plant has a milky, i>oisonous juice. The bark is 
Surgative; the unripe frmt is used by the natives of Travancore to destroy 
ogs, as its action causes their teeth to loosen and fall oat. 

104. Cereus gigantea. — ^The suwarrow of the Mexicans, a native of the hoty 

arid, and almost desert regions of New Mexico, found growing in rocky 
places, in valleys, and on mountain sides, often springing out of mere 
crevices in hard rocks, and impartine a singular aspect to the scenery of 
the country, its tall stems often reaching 40 feet in height, with upright 
branches looking like telegraph posts for signaling from point to point of 
the rocky mountains. The fruits are about 2 or 8 inches long, of a 
green color and oval form; when ripe they burst into three or four pieces, 
which curve back so as to resemble a flower. Inside they contain numer- 
ous little black seeds, imbedded in a crimson-colored pulp, which the 
TnHifl.na make into a preserve. They also eat the ripe fruit as an article of 
food. 

105. Cereus MACDONALDLffl. — A night-blooming cereus, and one of the most beau- 

tiful. The flowers when fully expanded are over a foot in diameter, having 
numerous radiating red and bright orange sepals and delicately white 
petals. It is a native of the Honduras. 

106. Ceroxylon andicola. — The wax palm of New Grenada, first described by 

Humboldt and Bonpland, who found it on elevated mountains, extend- 
ing as high as the lower limit of perpetual snow. Its tall trunk is covered 
with a thin coating of a whiti^ waxy substance, giving it a marbled 
appearance. The waxy substance forms an article of commerce, and is 
obtained by scraping the trunk. It consists of two parts of resin and one 
wax, and, when mixed with one third of tallow, it makes very good 
candles. The stem is used for building purposes, and the leaves for thateh- 
ing roofs. 

107. CHAMiEDOREA ELEGANS. — ^This belongs to a genus of palms native of South 

America. The plant is of tall, slender growth; the stems are used for 
walking canes, and the young, unexpanded flower spikes are used as a 
vegetable. 

108. Cham^rops fortunii. — This palm is a native of the north of China, and is 

nearly hardy here. In Chma, the coarse brown fibers obtained from the 
leaves are used for making hats and also garments called So-e, worn in wet 
weather. 

109. CHAiLfflROPS HUMiLis. — This is the only European species of palm, and does 

not extend f aai;her north than Nice. The leaves are commonly used in the 
south of Europe for making hats, brooms, baskets, ete. From the leaf fiber 
a material resembling horse hair is prepared, and the Arabs mix it with 
camel's hair for tiieir tent covers. 

110. Chavica BETEL. — This plant is found all over the East Indies, where its leaf is 

l^gel^ used b^ Inman patives as a n^asticator^. Its consumptioii is \vfi- 
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mense, and hcis been said to equal that of tobacco by Western peoples. 
It is prepared for chewing hj inclosing in the leaves a slice of the areca 
nut, and a sniall portion of lime. It is thought to act as a stimulant to the 
digestive organs, but causes giddiness and other unpleasant symptoms to 
those not accustomed to its use. 

111. Chiococx:ja racemora. — This plant is found in many warm countries, such as 

in southern Florida. It is called cahinca in Brazil, where a preparation 
of the bark of the root is employed as a remedy for snake bites. Almost 
every locality where snakes exist has its local remedies for poisonous bites, 
but they rarely prove to be efficient when truthfully and fairly tested. 

112. Chloranthus officinalis. — The roots of this plant are an aromatic stimu- 

lant, much used as medicine in the Island of Java; also, when mixed with 
anise, it has proved valuable in malignant smallpox. 

113. Chloroxylon swietenia. — ^The satinwood tree of tropical countries. It is 

princiiially used for making the backs of clothes and hair brushes, and for 
articles of turnery- ware; the finest mottled pieces are cut into veneers and 
used for cabinet-making. 

114. Chrysobalanus icaco. — The cocoa plum of the West Indies. The fruits 

are about the size of a plum, and are of various colors, white, yellow, red, 
or purple. The pulp is sweet, a little austere, but not disagreeable. The 
fruits are preserved and exported from Cuba and other West India Islands. 
The kernels yield a fixed oil, and an emulsion made with them is used 
medicinally. 

115. Chrysophyllum cainito.— The fruit of this plant is known in the West 

Indies as the star apple, the interior of which, when cut across, shows ten 
cells, and as many seeds disposed regularly round the center, giving a star- 
like appearance, as stars are generally represented in the most reliable 
almanacs. It receives its botanic name from the golden silky color on the 
under side of the leaves. 

116. CiccA DISTICHA. — Tliis Indian plant is cultivated in many parts under the 

name of Otaheite gooseberry. The fruits resemble those of a green goose- 
berry. They have an acid flavor; are used for preserving or pickling, and 
eaten either in a raw state or cooked in various ways. 

117. Cinchona calisaya.— The yellow bark of Bolivia. This is one of the so-called 

Pemvian Bark trees. The discovery of the medicinal value of this bark is a 
matter of fable and conjecture. The name cinchona is derived from that of 
the wife of a viceroy of Peru, who is said to have taken the drug from South 
America to Europe in 1639. Afterwards the Jesuits used it; hence it is 
sometimes called Jesuit's bark. It was brought most particularly into 
notice when Louis XIV of France purchased of Sir R. Taibor, an English- 
man, his heretofore secret remedy for intermittent fever, and made it public. 
There are various barks in commerce classified under the head of Peru- 
vian barks. Their great value depends upon the presence of certain alka- 
loid substances called quinine, cinchonine, and quinidine, which exist in 
the bark in combination with tannic and other acids. Quinine is the 
most useful of these alkaloids, and this is found in greatest quantities 
in Calisaya bark. The gi*ay bark of Huanuco is derived from Cinchona 
Tnicranfha, which is characterized by its yield of cinchonine, and the Loxa 
or Loja barks are furnished in part by Cinchona officinalis, and are espe- 
cially rich in quinidine. There is some uncertainty about the trees that 
produce the various kinds of bark. These trees grow in the forests of 
Bolivia and Peru, at various elevations on the mountains, but chiefly in 
sheltered mountain vaUeys, and all of them at a considerable distance below 
the frost or snow line. They are destroyed by the slightest frost. Plants of 
various species have been distributed from time to time, in localities which 
seemed most favorable to their growth, but all reports from these distri- 
butions have, so far, been discouraging. 

1 18. CiNNAMOMUM CASSIA. — This furnishes cassia bark, which is much like cinna- 

mon, but thicker, coarser, stronger, less delicate in flavor, and cheaper; 
hence it is often used to adulterate cinnamon. The unexpanded flower 
buds are sold as cassia buds, possessing properties similar to those of the 
bark. It is grown in southern China, Java, and tropical countries gen- 
erally. 

119. CiNNAMOMUM ZEYLANiccM. — A tree belonging to LauraceaB, which furnishes 

the best cinnamon. It is prepared by stripping the bark from the branches, 
when it rolls up into quills, the smaller of which are introduced into ^h^ 
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larger, and then dried in the sun. Cinnamon is much used as a condiment 
for its pleasant flavor, and its astringent properties are of medicinal value. 
It is cultivated largely in Ceylon. The cinnamon tree is too tender to be- 
come of commercial importance in the United States. Isolated plants may 
be found in southern Florida, at least it is so stated, but the area suited to 
its growth must be very limited. 

130. CissAMPELOS PAREIRA. — The velvet plant of tropical countries. The root fur- 
nishes the Pareira brava of druggists, which is used in medicine. 

121. Citrus aurantium. — The orange, generally supposed to be a native of the 

north of India. It was introduced into Arabia during the ninth century. It 
'«ras unknown in Europe in the eleventh century. Oranges were cultivated 
at Seville towards the end of the twelfth century, and at Palermo in the 
thirteenth. In the fourteenth century they were plentiful in several parts 
of Italy. There are many varieties of the orange in cultivation. The blood 
red, or Malta, is much esteemed; the fruit is round, reddish-yellow outside 
and the pulp irregularly mottled with crimson. The Mandarin or Tanger- 
ine orange has a thin rind which separates easily from the pulp, and is very 
sweet and rich. The St. Michael's orange is one of the most productive and 
delicious varieties, with a thin rind and very sweet pulp. The Seville or 
bitter orange is used for the manufacture of bitter tincture and candied 
orange-peel. The Bergamot orange has peculiarly fragrant flowers and 
fruit, from each of which an essence of a delicious quality is extracted. 

122. Citrus decuman a. — ^The shaddock, which has the largest fruit of the family. 

It is a native of China and Japan, where it is known as sweet ball. The 
pulp is acid or subacid, and in some varieties nearly sweet. From the thick- 
ness of the skin the fruit will keep a considerable time without injury. 

123. Citrus japonic a. — ^This is the Kum-quat of the Chinese. It forms a small 

tree, or rather a large bush, and bears fruit about the size of a large cherry. 
There are two forms, one bearing round fruits, the other long, oval fruite. 
This fruit has a sweet rind and an agreeably acid pulp, and is usually eaten 
whole without being peeled. It forms an excellent preserve, with sugar, 
and is largely used in this form. 

124. Citrus limetta. — The lime, which is used for the same purposes as the lemon, 

and by some prefen-ed, the juice being considered more wholesome and the 
acid more agreeable. There are several varieties, some of them being sweet 
and quite insipid. 

125. Citrus limonum. — ^The lemon; this plant is found growing naturally in that 

part of India which is beyond the Ganges. It was unknown to the ancient 
Grreeks and Romans. It is supposed to have been brought to Italy by the 
Crusaders. Arabian writers of the twelfth century notice the lemon as 
being cultivated in Egypt and other places. The varieties of the lemon are 
very numerous and valued for their agreeable acid juice and essential oil. 
They keep for a considerable time, especially if steeped for a short period 
in salt water. 

126. Citrus medica. — The citron, found wild in the forests of northern India. The 

Jews cultivated the citron at the time they were under subjection to the 
Romans, and used the fruit in the Feast of the Tabernacles. There is no 
pr^f of their having known the fruit in the time of Moses, but it is supposed 
that they found it at Babylon, and brought it into Palestine. The citron 
is cultivated in China and Cochin-China. It is easily naturalized and the 
seeds are rapidly spread. In its wild state it grows erect; the branches are 
spiny, the flowers purple on the outside and white on the inside. The fruit 
furnishes the essential oil of citron and the essential oil of cedra. There are 
eeveral varieties; the fingered citron is a curious fruit, and the Madras cit- 
ron is very long and narrow; the skin is covered with protuberances. 

127. Clusia rosea. — A tropical plant which yields abundantly of a tenacious resin 

from its stem, whicui is used for the same pmpose as pitch. It is first of a 
green color, but when exposed to the air it assumes a brown or reddish tint. 
The Caribs use it for painting the bottoms of their boats. 

128. COCCOLOBA uviFERA. — Klnown in the West Indies as the seaside grane, fiom 

the peculiarity of the perianth, which becomes pulpy and of a violet color 
and siUTOunds the ripe fruit. The pulpy perianth has an agreeable acid 
flavor. An astringent extract is prepared from the plant which is used in 
medicine. 

129. Cocos NUCIFERA. — The cocoanut palm. This palm is cultivated throughout 

th^ tropics SQ extensively that its native country is not know^. One reason 
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of its extensive dissemination is that it grows so close to the sea that the j 
ripe fruits are washed away by the waves and afterwards cast upon far- 
distant shores, where they soon vegetate. It is in this way that me coral 

islands of the Indian Ocean have become covered with these palms. Every : 
part of this tree is put to some useful purpose. The outside rind or husk 
of the fruit yields the fiber from which the well-known cocoa matting is I 
manufactured. Cordage, clothes, brushes, brooms, and hats are made from 
this fiber, and, when curled and dyed, it is used for stuffing mattresses and 
cushions. An oil is produced by pressing the white kernel of the nut which 
is used for cooking when fresh, and by pressure affords stearin, which is 
made into candles, the liquid being used for lamps. The kernel is of great 
importance as an article of food, and the milk affords an agreeable bevera^. 
While young it yields a delicious substance resembling blanc-mange. The 
leaves are used for thatching, for making mats, baskets, hats, etc. ; combs 
are made from the hard footstaJk; the heart of the tree is used as we use 1 
cabbages. The brown fibrous net work from the base of the leaves is used ^ 
as sieves, and also made into garments. The wood is used for building and 

for furniture. The flowers are used medicinally as an astringent and the 
roots as a febrifuge. 

130. Gooos PLUMOSUS. — ^A Brazilian species, highly ornamental in its long, arching 
leaves, and producing quantities of orange-colored nuts, in size about as large 
as a chestnut, inclosed in an edible pulp. 

131 Ck)FFEA ARABICA.— The coffee plant, which belongs to the Cinchonacece and is a 
native of Abyssinia, but is now cultivated in many tropical regions. It 
can not be successfully cultivated in a climate where the temperature, at 
any season of the year, f aUs below 55 degrees, although it will exist where 
the temperature all but falls short of freezing, but a low fall of temperature 
greatly retards the ripening of the fruit. Kipe fruits are often gathered 
from plants in the extreme south of Florida. The beajis or seeds are 
roasted before use, and by this process they gain nearly one half in bulk 
and lose about a fifth in weight. Heat also changes their essential quali- 
ties, causing the development of the volatile oil and peculiar acid to which 
the aroma and flavor are due. The berries contain theine; so also do the 
leaves, and in some countries the latter are preferred. 

132. COFFEA UBERICA. — The Liberian coffee, cultivated in Africa, of which country 

it is a native. This plant is of larger and stronger growth than the Ara- 
bian coffee plant and the fruit is larger. This species is of recent introduc- 
tion to commerce, and although it was reported as being more prolifio than 
the ordinary coffee plant, the statement lias not been borne out in Brazil 
and Mexico, where it has been tested. It is also more tender than the older 
known species. 

133. Ck)LA ACUMINATA. — ^An African tree, which has been introduced into the West 

Indies and Brazil for the sake of its seeds, which are known as Cola, or 
Kola, or Goora nuts, and extensively used as a sort of condiment by the 
natives of Africa. A small piece of one of these seeds is chewed before 
each meal to promote digestion. It possesses properties similar to the leaves 
of coca and contains theine. These nuts have from time inmiemorial occu- 
pied a prominent place in the dietetic economy of native tribes in Africa, 
and the demand for them has established a large commercialindustry in 
the regions where they are obtained. 

184. CoLOOASiA ESCULENTA. — ^This plant has been recommended for profitable cul- 
ture in this country for its edible root-stock. It is cultivated in the Sand- 
wich Islands under the name of Tara. The young leaves are cooked and 
eaten in the same manner as spinach or greens in Egypt. They are acrid, 
but lose their acridity when boiled, the water being changed. The roots are 
filled with starch, and have long been used as food in various semitropical 
countries. 

135. CoNDAMiNEA MACROPHTLLA. — This plant belongs to the cinchona family, and 

contains tonic properties. The Peruvian bark gatherers adulterate the true 
cinchona bark with this, but it may be detected by its white inner surface, 
its less powerful bitter taste, and a viscidity not possessed by the cinchonas. 

136. CONVOLVULTTS SCAMMONIA. — ^This plant furnishes the scammony of the drug* 

gists. 

137. CooKiA PUNCTATA. — A small-gTowing tree f rom China, which produces a fraii 

known as the Wampee. This fruit is a globular berry, with five or fewer coni- 
partments Wed with juice, It is much esteamed in China. 
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138. COPAIFERA OFFICINALIS. — This tree yields balsam of copaiba, used in medicine. 

The balsam is collected by making incisions in the stem, when the liquor is 
said to pour out copiously; as it exudes it is thin and colorless, but imme- 
diately thickens and changes to a clear yellow. Like many other balsams, it 
is nearly allied to the turpen tines; it has a moderately agreeable smell, and 
a bitter, biting taste of considerable duration. Distilled with water it yields 
a limpid essential oil. 

139. CJOPERNICA CEBIFERA. — ^Thc Camuba, or wax palm of Brazil. It grows about 40 

feet hi^h, and has a trunk 6 or 8 inches thick, composed of very hard wood, 
which IS commonly employed in Brazil for building and other purposes. The 
upper part of the young stem is soft, and yieldd a kind of sago, and the bitter 
fruits are eaten by the Indians. The young leaves are coated with wax, called 
Oamaub wax, which is detatched by shaking them, and then melted and run 
into cakes; it is harder than beeswax, and has been used for making candles. 
The leaves are used for thatch, and, when young, are eaten by cattle. 

140. CoPROSMA BOBUSTA. — ^A cinchonaceous shrub. The leaves of this plant were 

formerly used in some of the religious ceremonies of the New Zealanders. 

141. CJOBDIA MTXA. — ^This produces succulent, mucilaginous, and emollient fruits, 

which are eaten. These qualities, combined with a slight astringency , have 
led to their use as pectorals, known as Sebestens. The wood of this tree is 
said to have furnished the material used by the Egyptians in the construction 
of their mummy cases; it is also considered to be one of the best woods for 
kindling fire by friction. 

142. CORDYLINE AUSTRALis. — The Australian Ti, or cabbage tree, a palm-like plant 

of 15 to 20 feet in height. The whole plant is fibrous, and it has been sug- 
gested as good for a paper-making material. The juice of the roots and stem 
contains a small amount of sugar, and has been employed for procuring 
alcohoL 

143. CORYPHA UMBBACULiFERA. — ^The Talipot palm, a native of Ceylon, producing 

gigantic fan-like leaves. These leaves nave prickly stalks 6 or 7 feet long, 
and when fully expanded form a nearly complete circle of 13 feet in diam- 
eter. Large fans made of these leaves are carried before people of rank 
among the Cinghalese; they are also commonly used as umbrellas, and tents 
are made by neatly joining them together; they are also used as a substitute 
for paper, being written upon with a stylus. Some of the sacred books of 
the Cinghalese are composed of strips of them. The hard seeds are used by 
turners. 

144. CouROUPiTA GUiANENSis. — ^The fruit of this tree is Called, from its appearance, 

the cannon-ball fruit; its shell is used as a drinking vessel, and when fresh 
the pulp is of an agreeable flavor. 

145. Crat^va oynandra. — This West Indian tree yields a small fruit which has a 

strong smeU of garlic, hence it is called the garlic pear. The bark is bitter 
and used as a tonic. 

146. Crescbntia cujete. — The calabash tree of the West Indies, where it is valued 

for the sake of its fruits, which resemble pumpkins in appearance and oc- 
casionally reach a diameter of 18 inches. Divested of their pulp, which is 
not edible, they serve various useful domestic purposes, for carrying water, 
and even as kettles for cooking. They are strong and light. 

147. Geoton calsamiferum. — This West Indian shrub is sometimes called sea-side 

balsam or sage. A thick, yellowish, aromatic juice exudes from the ex- 
tremities of the broken branches, or wherever the stem has been wounded. 
In Martinique a liquor called Eau de Mantes is distilled from this balsamic 
juice with spirits of wine. The young leaves and branches are used in 
warm baths, on accovmt of their agreeable fragrance and reputed me- 
dicinal virtues. 

148. Croton eleutheria.— This plant furnishes cascarilla bark, used as an aro- 

matic bitter tonic, having no astringency. It has a fragrant smell when 
burnt, ou. which account it has been mixed with smoking tobaxxso. 

149. Croton tiguum. — A plant of the family Euphorhiacece, from the Indian 

Archipelago, which produces the seeds from whence croton oil is extracted. 
It is a very powerful medicine, and eveji in pressing the seeds for the pur- 
pose of extracting the oil, the workmen are subject to irritation of the eyes 
and other casualties. 

28682 2 
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150. CUBEBA OFFICINALIS. —A native of Java, which furnishes the cubeb fruits of 

commerce. These f i*uits are like black pepper, but stalked, and have an 
acrid, hot, aromatic taste; frequently used medicinally. 

151. CURCAS PUROANS.— A tropical plant cultivated in many warm countries for 

the sake of its seeds, known as physic nuts. The juice of the plant, which 
is milky, acrid, and glutinous, produces an indellible brown stain on linen. 
The oif jfrom the seeds is used for burning in lamps; and in paints. In 
China it is boiled with oxide of iron and used as a varnish. It is also used 
medicinally. 

152. Curcuma lonoa. — A plant belonging to the Zingiber acece, the roots of which 

furnish turmeric. This powder is used in India as a mild aromatic, and 
for other medicinal purposes. It also enters into the composition of curry- 
powder, and a sort of arrow root is made from the young tubers. 

153. Curcuma zedoaria. — ^This plant furnishes zedoary tubers, much used in India 

as aromatic tonics. 

154. Cyathea medullaris. — ^This beautiful tree fern is a native of Australia, 

where it attains a height of 25 to 30 feet, having fronds from 10 to 15 feet in 
length. It contains a pulpy substance in the center of the stem, of a starchy, 
mucilaginous nature, which is a common article of food with the natives. 
The trees have to be destroved in order to obtain it. 

155. Cybistax antisyphilitica.— a plant of the order of BignoniaoecR^ called 

Atun3'angua in the Andes of Peru, where the inhabitants dye their cotton 
clothes by boiling them along with the leaves of this plant; the dye is a per- 
manent blue. The bark of the young shoots is much employed in medicine. 

156. Cycas revoluta. — ^The sago palm of gardens. The stem of the plants 

abounds in starch, which is highly esteemed in Japan. A gum exudes from 
the trunk of the old plant, which is employed medicinally by the natives of 
India. 

157. Cycas circinams. — A native of Malabar, where a kind of sago is prepared 

from the seeds, which are dried andi)owdered; medicinal properties are also 
attributed to the seeds. 

158. Dacrydium franklinii. — Called Huon pine, because of its being found near 

the Huon River, in Tasmania. It belongs to the yew family. It furnishes 
valuable timber, very durable, and is used for snip and house building ; 
some of the wood is very beautifully marked, and is used in furniture mak- 
ing and cabinetwork. 

159. Dalberqia sissoo. — ^A tree of northern India, the timber of which is known 

as Sissum wood. This wood is strong, tenacious, and compact, much used 
for railway ties and for gun-carriages. 

160. Damara australis. — A singular plant of the Coniferce family, called the 

Kauri pine. It forms a tree 150 to 300 feet in height, and produces a hard, 
brittle resin-like copal, which is used in varnish. 

161. Dasylirion acrotrichum.— a plant of the pineapple family, from Mexico. 

The leaves contain a fine fiber, which may be ultimately more extensively 
utilized than it is at present. 

163. DfiSMODiUM GYRANS. — An interesting plant of the pea family, called the mov- 
ing plant, on account of the rotatory motion of the leaflete. These move in 
all conceivable ways, either steadily or by jerks. Sometimes onlj one leaf or 
two on the plant will be affected ; at other times a nearly simultaneous 
movement may be seen in all the leaves. These movements are most ener- 
getic when the thermometer marks about 80°. This motion is not due to 
any external or mechanical irritation . 

163. DiALiUM ACUTiPOLiUM. — The velvet tamarind, so called, from the circum- 

stance that its seed-pods are covered with a beautiful black velvet down. 
The seeds are surrounded by a farinaceous pulp of an agreeable acid taste. 

164. DiALiUM INDUM.— The tamarind plum, which has a delicious pulp of slightly 

acid flavor. 

165. DiCKSONiA ANTARCTICA.— The large feru tree of Australia. This plant attains 

the height of 30 or more feet, and its fronds or leaves spread horizontally 
some 30 to 35 feet. It is found in snowy regions, and would be perfectly 
hardy south. It is one of the finest objects of the vegetable kingdom when 
of sufficient size to show its true beauties. 

166. DiEFPENBACHiA SEGUiNA.— This has acquired the name of dumb cane, in con- 

sequence of its fleshy, cane-like stems, rendering speechless any person 
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who may happen to bite them, their acrid poison causing the tongue to 
swell to an immense size. An ointment for applying to dropsical swellings 
is prepared by boiling the juice in lard. Notwithstanding its acridity, a 
wnolesome starch is prepared from the stem. 

167. DiLLENiA SPECIOSA. — An East Indian tree, bearing a fruit which is used in cur- 

ries and for making jellies. Its slightly acid juice, sweetened with sugar, 
forms a cooling beverage. The wood is very tough, and is used for making 
gun-stocks. 

168. DiONEDULB. — A Mexican plant, bearing large seeds containing a quantity of 

starch, which is separated and used as arrow root. . 

169. DioSPYROS EBENTJM. — An East Indian tree which in part yields the black 

ebony wood of commerce, much used in fancy cabinetwork and turnery, 
door knobs, pianoforte keys, eto. 

170. DIOSPYBOS KAEi. — The Chinese date plum or persimmon. The fruits vary in size 

from that of a medium-sized apple to that of a large pear ; they also vary 
much in their flavor and consistency, some being firm, and others having a 
soft custard-like pulp, very sweet and luscious. The Chinese dry them in 
the sun and make them into sweetmeats ; they are sometimes lmi)orted, 
and in appearance resemble large-sized preserved figs. These plants are 
being quite largely cultivated in some of the southern States, and the fruit 
is entering commerce. 

171. DiPTERix ODORATA. — ^This' leguminous plant vields the fragrant seed known 

as Tonka bean, used in scenting snun and for other purposes of prefumery. 
The odor resembles that of new-mown hay, and is due to the presence of 
coumarine. The tree is a native of Cayenne and grows 60 to 80 feet high. 

172. DoRSTENiA CONTRAYERVA. — ^A plant from tropical America, the roots of which 

are used in medicine xmder the name of Contrayerva root. 

173. DRACffliNA DRACO.— The Dragon's Blood tree of Teneriffe. This liliaceous 

plant attains a great age and enormous size. The resin obtained from this 
tree has been found in the sepulchral caves of the Cuanches, and hence it 
is supposed to have been used by them in embalming the dead. Trees of 
this species, at present in vigorous health, are supposed to be as old as the 
pyramids of Egypt. 

174. Dracjenopsis Austraus.— Ti or cabbage tree of New Zealand. The whole 

of this plant is fibrous and has been used for paper making. The juice of 
the roots and stem contains a small amount of sugar and has been used for 
producing alcohol. 

175. Drdcys winteri. — ^This plant belongs to the magnolia family and furnishes the 

aromatic tonic known as Winter's bark. It is a native of Chili and the 
Strait of Magalhaens. 

176. Dryobalanofs aromatica.— A native of the Island of Sumatra. It furnishes 

a liquid called camphor oil and a crystalline solid known as Sumatra or 
Borneo camphor. Camphor oU is- obtained from incisions in the tree, and 
has a fragrant, aromatic odor. It has been used for scenting soap. The 
soUd camphor is found in cracks of the wood, and is obtained by cutting 
down the tree, dividing it into blocks and small pieces, from the interstices 
of which the camphor is extracted. It differs from the ordinary camphor 
in being more brittle and not condensing on the sides of the bottle in wnich 
it is ke|)t. It is much esteemed by the Chinese, who attribute many vir- 
tues to it. It has been long known and is mentioned by Marco Polo in the 
thirteenth centuiy. 

177. DuBOSiA HOPWOODH. — The leaves of this Australian plant are chewed hj the 

natives of Central Australia, just as the Peruvians and Chihans masticate 
the leaves of the ErythroxyUm coca, to invigorate themselves during their 
long foot journeys ti^ough the country. They ate known as Pitury leaves. 

178. DuRio ZIBETHINUS.— A common tree in the Malayan Islands, where its fruit 

forms a great part of the food of the natives. It is said to have a most deli- 
cious flavor combined with a most offensive odor, but when once the repug- 
nance of the peculiar odor is overcome it becomes a general favorite. The 
unripe fruit is cooked and eaten, and the seeds roasted and used like chest- 
nuts. 

179. Ek£IS auiNEENSis. — ^The African oil palm is a native of southwestern Africa, 

but has been introduced into other I'egions. It grows to a height of 20 to 80 
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feet and bears dense heads of fruit. The oil is obtained by boiling the fruits 
in water and skimming oif the oil as it rises to the surface. It is used in the 
manufacture of candles. In Africa it is eaten as butter by the natives. 

180. Elais meulnococca. — A palm from tropical America which produces large 

quantities of oil. 

181. El^ocarpus hinau.— ANew Zealand tree, of the linden family. The bark 

affords an excellent permanent dye, varying from light brown to deep black. 
The fruits are surrounded by an edible pulp, and they are frequently pickled 
like olives. 

183. Elettaria CARDAMOinjM. — This plant furnishes the fruits known as the Small 
or Malabar cardamoms of commerce. The seeds are used me<licinally for 
their cordial aromatic properties, which depend upon the presence of a vola- 
tile oil. In India the rruits are chewed by the natives with their betel. 

183. Emblica officinalis. — A plant belonging to Euphorbiacece, a native of India. 

In Borneo the bark and young Edioots are used to dye cotton black, for 
which purpose they are boiled in alum. The fruits are made into sweet- 
meats, with sugar, or eaten raw, but they are exceedingly acid; when ripe 
and dry, they are used in medicine, under the name of Myrobalani eniblid. 
The natives of lYavancore have a notion that the plant imparts a pleasant 
flavor to water, and therefore place branches of the tree in their wells, 
especially when the water is charged with an accumulation of impure 
vegetable matter. 

184. Enckea unguiculata. — A plant of the family PiperacecBy having an aromatic 

fruit like a berry, with a thick rind. The roots are used medicinally in 
Brazil. 

185. Entada scandens. — This leguminous plant has remarkable jxhIs, which often 

measure 6 or 8 feet in length. The seeds are about 2 inches across, and 
half an inch thick, and have a hard, woody, and beautifully polished shell, 
of a dark-brown or purplish color. These seeds are frequently converted 
into snuff-boxes and other articles, and in the Indian bazars they are used 
as weights. 

186. Eriodendron anfractuosum.— The silk-cotton, or Grod tree of the West 

Indies. The fruit is a capsule, filled with a beautiful silky fiber, which is 
very elastic, but can not be woven, and is only used for stuffing cushions. 

187. Erythrina caffra. — The Kaffir tree of South Africa. The wood is soft and 

so light as to be used for floating fishing nets. The scarlet seeds are emp] oy ed 
for making necklaces. The Erythrinas, of which there are many species, 
are mostly remarkable for the brilliant scarlet of their flowers, and are 
known as Coral trees. 

188. Erythrina umbrosa. — This is a favorite tree for growing in masses, for the 

purpose of sheltering- cocoanut plantations, and inducing a proper degree 
of moisture in their neighborhood. 

189. Erythroxylon coca. — ^The leaves of this plant, under the name of coca, are 

much used by the inhabitants of Soiith America as a masticatory. It forms 
an article of commerce among the Indians, who carefully dry the leaves and 
use them daily. Their use, in moderation, acts as a stimulant to the nervous 
system and enables those who chew them to perform long journeys without 
any other food. The use of coca in Peru is a very ancient custom, said to 
have originated with the Incas. It is common throughout the greater part 
of Peru, Quito, New Granada; and on the banks of the Rio Negro it is known 
as Spadic. A principle, called cocaine, has been extracted from the leaves, 
which is used in medicine. 

190. Eucalyptus amygdalina.— The peppermint tree, a native of Tasmania. It 

produces a thin, transparent oil possessed of a pungent odor resembling oil 
of lemons, and tasting like camphor , which has great solvent properties. The 
genus Eucalyptiis is extensive and valuable. The greater number form 
large trees, known in Australia as gum trees. 

191. Eucalyptus gigantea. — This stringy bark giun furnishes a strong, durable 

timber, used for shipbuilding and other purposes. E, robusta contains 
large cavities in its stem, between the annual concentric circles of wood, 
filled with a red gum. Many of the species yield gums and astringent 
principles and also a species of manna. The timber of these trees has been 
ptronounced to be unsurpassed for strength and durability by any other 
timber known. The leaves of these trees are placed vertically to the sun, 
a provision suited to a dry and' sultry climate. 
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192. Eucalyptus globulus. — The blue gum, a rapid-growing tree, attaining to 

a large size. Recently it has attracted attention and gained some repute in 
medicine as an antiperiodic. The leaves have also been applied to wounds 
with some success. It produces a strong camphor-smelling oil, which has a 
mint-like taste, not at all disagreeable. 

193. EuQENLA. ACRIS. — The wild clove or bay berry tree of the West Indies. In 

Jamaica it is sometimes called the black cinnamon. The refreshing per- 
fume known as bay rum is prepared by distilling the leaves of this tree 
with rum. It is stated that the leaves of the allspice are also used in 
this preparation. 

194. Eugenia jambosa. — A tropical plant, belonging to the myrtle family, which 

produces a pleasant rose-flavored fruit, known as the Roseapple, or Jamro- 
sade. 

195. EugenlAl pimento. — The fruits of this West Indian tree are known in com- 

merce as allspice; the berries have a peculiarly grateful odor and flavor, 
resembling a combination of cloves, nutmeg, and cinnamon; hence the 
name of allspice. The leaves when bruised emit a fine aromatic odor, and 
a delicate odoriferous oil is distilled from them, which is said to be used as 
oil of cloves. The berries, bruised and distilled with water, yield the 
pimento oil of commerce. 

196. Eugenia ugni. — This small-foliated myrtaceous plant is a native of Chili. It 

bears a glossy black fruit, which has an agreeable flavor and perfume, and 
is highly esteemed in its native country. The plant is hardy in the South- 
em States. 

197. Euphorbia canabiensis. — This plant grows in abundance in the Canary 

Islands and Teneriffe, in dry, rocky districts, where Uttle else can grow, 
and where it attains a height of 10 feet, with the brandies spreading 15 or 
20 feet. It is one of the kinds that furnish the drug known as EupJiorbium. 
The milky juice exudes from incisions made in the branches, and is so 
acrid that it excoriates the hand when applied to it. As it hardens it falls 
down in small lumps, and those who collect it are obliged to tie cloths over 
their mouths and nostrils to exclude the small, dustj particles, as they pro- 
duce incessant sneezing. As a medicine its action is violent, and it is now 
rarely employed. There are a vast number of species of Euphorbia^ vary- 
ing exceedingly in their general appearance, but all of them having a milky 
juice which contains active properties. Many of them can scarcely be dis- 
tinguished from cactuses so rar as relates to external appearances, but the 
milky exudation following a puncture determines their true character. E, 
grandidens is a tall-growing, oranching species, and attains a height of 30 
feet. The natives of India use the juice of E, antiquorum, when diluted, 
as a purgative. The juice of E, heptagona and other African species is em- 
ployed to poison arrows; the juice of E. cotinifolia is used for the same 
purpose in Brazil. The roots of E. gerardiana ajid E.pithyusa are emetic, 
while E. thymifolia and E. hypendfolia possess astringent and aromatic 
properties. The poisonous principle which pervades these plants is more 
or less dissipated by heat. The luice of E, cattimandoo furnishes caout- 
chouc of a very good quality, which, however, becomes brittle, although 
soaking in hot water renders it again pliable. E. phosphorea derives the 
name &cm the fact of its sap emitting a phosphorescent light, on warm 
nights, in the Brazilian forests. 

198. Euterpe edulis. — The assai palm of Para. It grows in swampy lands, and pro- 

duces a small fruit thinly coated with clotted flesh of which the inhabitants 
of Para manufacture a beverage called assai. The ripe fruits are soaked 
in warm water and kneaded until the fleshy pulp is detached. This, when 
strained, is of a thick, creamy consistence, and, when thickened with 
cassava farina and sweetened with sugar, forms a nutritious diet, and is 
the daily food of a large number of the people. 

199. Euterpe Montana. — The center portion of the upper part of the stem of this 
West Indian palm, including the leaf bud, is eaten either when cooked as 
a vegetable or pickled, but the tree must be destroyed in order to obtain it. 

200. ExccBCARiA SEBIFERA. — This Euphorbiaceous plant is the tallow tree of China. 
The fruits, are about half an inch in diameter, and each contains three 
seeds, thickly coated with a fatty substance which yields the tallow. This 
is obtained by first steaming the seeds, then bruising them to loosen the fat 
without breaking the seeds, which are removed by sifting. The fat is 
then made into flat circular cakes and pressed, when the pure tallow ex- 
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U(lc8 in a liciuid state and soon hardens into a white, hrittle mass. Candles 
made from this get soft in hot weather, which is prevented by coating them 
with insect wax. " A liauid oil is obtained from the seeds by pressing. The 
tree yields a hard wooa, used by the Chinese for printing blocks, and its 
leaves are used in dyeing black. 

301. ExoaoNiUM PURQA. — ^This plant furnishes the true jalap-tubers of commerce. 
They owe their well-known purgative properties to their resinous ingredi- 
ents. Various species of Ipomoea furnish a spurious kind of this drug, 
which is often put in the market as the genuine article. 

202. ExosTEMMA CARIB^UM. — ^This West Indian plant has become naturalized in 

southern Florida. It belongs to the cinchona family and is known as 
Jamaica bark. It is also known as Quinquina Caraibe. The bark is re- 
puted to be a good febrifuge, and also to be employed as an emetic. * It is 
supposed to contain some peculiar principle, as the fracture displays an 
abundance of small crystals. The capsules, before they are ripe, are very 
bitter, and their juice causes a burning itohing on the lips. 

203. Feronia elephantum. — The wood apple or elephant apple tree of India, 

belonging to the family Aurantiacece, It forms a large tree in Ceylon, and 
yields a hard, heavy wood, of great strength. It yields a gum, which is 
mixed with other gums and sold under the name of East Indian gum 
arable. The fruit is about the size of an orange, and contains a pulpy 
flesh, which is edible, and a jelly is made from it, which is used in cases of 
dysentery. The leaves have an odor like that of anise, and the native 
India doctors employ them as a stomachic and carminative. 

204. FEUiLLiBA OORDIFOLIA. — The sequa or cacoon antidote of Jamaica. It belongs 

to the cucumber family, and climbs to a great height up the trunks of 
trees. The seeds are employed as a remedy in a variety of diseases, and 
are considered an antidote against the effects of poison; they also contain 
a quantity of semisolid fatty oil, which is liberated by pressing a id boil- 
ing them in water. 

205. Ficus BLASTICA. — ^This plant is known as the india-rubber tree. It is a native 

of the East Indies, and is the chief source of caoutehouc from that quarter 
of the globe, although other species of Ficus yield this gum, as well as sev- 
eral plants of other genera. It is a plant of rapid growth, and from the 
larger branches roots descend to the earth as in the case of the banyan tree. 

206. Ficus indica. — The famous banyan tree of history. Specimens of this Indian 

fig are mentioned as being of immense size. One in Bengal spreads over a 
diameter of 370 feet. Another covered an area of 1,700 square yards. It 
is one of the sacred trees of the Hindoos. It was known to the ancients. 
Strabo describes it, and it is mentioned by Pliny. Milton also alludes to it 
as follows: 

Branching S9 broad along, that in the ground 
The bending twigs take root; and daughters grow 
About the mother tree; a pillared shade. 
High overarched, with echoing walks between. 
There oft the Indian herdsman, shunning heat, 
Shelters in cool; and tends his pasturing herds 
At loop-holes cut through thickest shade. 

207. Ficus RELiaiosA. — ^The pippul tree of the Hindoos, which they hold in such 

veneration that, if a person cuts or lops off any of the branches, he is looked 
upon with as great abhorrence as if he had broken the leg of one of their 
equally sacred cows. The seeds are employed by Indian doctors in medicine. 

208. Flacourtia sepiaria. — A bushy shrub, used in India for hedges. Its fruit 

has a pleasant, subacid flavor when perfectly ripe, but the unripe fruit is 
extremely astringent. The Indian doctors use a liniment made of the bark 
in cases of gout, and anr infusion of it as a cure for snake bites. 

200. Fourcroya cubense. — This plant is closely related to the a^ave, and, like 
many of that genus, furnishes a fine fiber, which is known m St. Domingo 
as Cabuya fiber. These plants are very magnificent when in flower, throvr- 
ing up stems 20 to 30 feet in height, covered with many hundreds of yucca- 
like blossoms. 

210. Franciscea uniflora.— a Brazilian plant called Mercuric vegetal; also known 
as Manaca. The roots, and to some extent the leaves, are used in medicine; 
the inner bark and all the her?9aceous parts are nauseously bitter; it is re- 
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garded as a purgative, emetic, and alexipharmic; in overdoses it is an 
acrid poison. 

211. FusANUS ACUMINATUS.— A Small tree of the Cape of Good Hope and Australia. 

It bears a globular fruit of the size of a small peach, and is known in Aus- 
tralia as the native peach. It has an edible nut, called the Quandang nut, 
which is said to be as sweet and palatable as the almond. 

212. Galipea officinalis. — This South American tree furnishes Angostura bark, 

which has important medical properties, some physicians in South America 
preferring it to cinchona in the treatment of fevers. Its use has been 
greatly retarded by bark of the deadly nux-vomica tree having been 
inadvertently sold for it. As this bark is sometimes used in bitters, a mis- 
take, as above, might prove as fatal as cholera. 

213. Garcinia mangostana. — This tree produces the tropical fruit called mangos- 

teen, a beautiful fruit, having a thick, succulent rind, which contains an 
astringent juice, and exudes a gum similar to gamboge. The esculent 
interior contains a iuicy pulp, of the whiteness and solubility of snow, and 
of a refreshing, delicate, delicious flavor. The bark of the tree is used as a 
basis for black dye, and it has also some medicinal value. 

214. Garcinia morella. — It is supposed that Siam gamboge is obtained from this 

tree, also that known as Ceylon gamboge. The juice is collected by incis- 
ing the stems, or by breaking young twigs of the tree and securing the 
yellow gum resinous exudations in hollow bamboos, where it is allowed to 
harden. It is employed by artists in water colors and as a varnish for 
lacquer work. 

215. Garcinia pictoria.— A fatty matter known as gamboge butter is procured 

from the seeds of this tree in Mysore. They are pounded in a stone mortar, 
then boiled till the butter or oil rises to the surface. It is used as a lamp 
oil, and sometimes in food. 

216. Gardenia Florida and gardenia radicans.— Cape Jasmines, so called from 

a supposition that they were natives of the Cape of Good Hope. The 
genus belongs to the cinchona family. O, luciaa furnishes a fragrant^ 
resin somewhat similar to myrrh. The fruit of G. campanulata is used * 
as a cathartic, and also to wash out stains in silks. G. gummifera yields a 
resin something like Elemi. 

217. Gastrolobitjm bilobium. — A leguminous plant, having poisonous proper- 

ties. In western Australia, where it is a native, farmers often lose their ' 
cattle through their eating the foliage. Cats and dogs that eat the flesh of 
these poisoned cattle are also poisoned. G, obtusum and G. spmosum 
possess similar properties. 

218. Genipa AMERICANA. — This belongs to the cinchona family, and produces the 

fruit called genipap or marmalade box. It is about the size of an orange, 
and has an agreeaole flavor. The juice of the filiit yields a bluish-black 
dye, called Canito or Lana-dye. This color is very permanent, and is much 
used by Indians in South America. 

819. Geonoma schottiana. — A pretty Brazilian palm; the leaves are used for 
thatching huts, and other parts of the plant are utilized. 

220. GoUANiA DOMiNGENSis. — ^ plant of the buckthorn family, known in Jamaica 

as Chaw-Stick, on accoiunt of its thin branches being chewed as an agree- 
able stomachic. Tooth brushes are made by cutting pieces of the stem to 
convenient lengths and fraying out the ends. A tooth powder is prepared 
by pulverizing the dried stems. It is said to possess febrifugal properties, 
and owing to its pleasant bitter taste it is used for flavoring cooling beverages. 

221. Grevillea robusta. — The silk oak tree of Australia; a tree that attains a 

large size, and is remarkable for the graceful beauty of its foliage. 

222. Grewia asiatica. — This Indian tree represents a genus of plants of consider- 

able economic value. This particular species yields a profusion of small red 
fruits which are used for flavoring drinks, having a pleasant acid flavor. 
The fibrous inner bark is employed by the natives for making fishing nets, 
ropes, twine, and for other similar purposes. 

223. Grias cauliflora. — The anchovy pear of Jamaica. The fruit is pickled and 

eaten like the mango, having a similar taste. 

824. Guaiacum officinale.— The wood of this tree is called Lignum Vitae. A 
resin, called gum guaiacum, exudes from the stem, and is otherwise ob- 
tained from the wood by artificial means. It is of a gi*eenish-brown color, 



24 

with a balsamic fragrance, and is remarkable for the changes of color it 
undergoes when brought into contact with various substances. Gluten 
gives it a blue tint : nitric acid and chlorin change it successively to green, 
blue, and brown. The resin is used medicinally as also are the bark and wood. 

235. GuAZUMA TOMENTOSA. — This plant is nearly allied to the chocolate-nut tree, 
and yields fruits that abound in mucilage, as also does the bark of the 
youn^ shoots. The mucilage is given out in water, and has been used as a 
substitute for gelatin or albumen in clarifying cane juice in the manufac- 
ture of sugar. The timber is light, and is employed for the staves of sugar 
hogsheads ; it is known in Jamaica as bastard cedar. A strong fiber is 
obtained from the young shoots. 

226. GuiLiELMA SPECIOSA.— The peach palm of Venezuela, The fruits are borne 

in large drooping bunches, and their fleshy outer portion contains starchy 
matter, which forms a portion of the food of the natives. They are cooked 
and eaten with salt, and are said to resemble a potato in flavor. A bever- 
age is prepared by fermenting them m water, and the meal obtained from 
them is made into bread. The wood of the old trees is black, and so hard 
as to turn the edge of an ax. 

227. HiEMATOXYLON CAMPECHIANUM.— The logwood tree. This dyestuff is largely 

used by calico printers and other dyeing manufacturers. It is also used as 
an ingredient in some writing mks. The heart wood is the part used for 
dyeing. This is cut into chips which yield their color to water and alcohol. 
The colors are various according to treatment, giving violet, yellow, purple, 
and blue, but the consumption of logwood is for black colors, which are 
obtained by alum and iron bases. 

228. Hardenberqia monophylla. — An Australian climbing plant of the legumi- 

nous family. Tlie long, carrot-shaped, woody root was called, by the early 
settlers in that country, sarsaparilla, and is still used in infusion as a sub- 
stitute for that root. 

229. Hartighsea spectabilis.—A New Zealand tree, called Wahahe by the natives, 

who employ the leaves as a substitute for hops, and also prepare from 
them a spirituous infusion as a stomachic medicine. 

230. Heuconia bihai. — A plant of the order MusaeecBy from South America. The 

young shoots are eaten by the natives, and the fruits are also collected and 
used as food. It also furnishes a useful fiber. 

231. Hevea brasiliensis. — ^A tree of tropical America growing in damp forests, 

especially in the Amazon valley, which, together with other trees called 
siphonia furnish the Para rubber, or American caoutchouc. The sap is col- 
lected from incisions made in the tree during'the dry season, and is poured 
over clay molds and dried by gentle heat, successive pourings being made 
till a sufficiently thick layer is produced. 

232. Hibiscus rosa sinensis.— The flowers of this malvaceous plant contain a 

quantity of astringent juice, and, when bruised, rapidly turn black or 
deep purple; they are used by the Chinese ladies for dyeing their hair and 
eyebrows, and in Java for blacking shoes. 

233. Hibiscus sabdariffa. — This species is known in the West Indies as red sor- 

rel, on account of the calyxes and capsules having an acid taste. Thev 
are made into cooling drinks, by sweetening and fermentation. The bark 
contains a strong useful fiber which makes good ropes if not too much 
twisted. It is also known as the Roselee plant. 

234. Hibiscus tiliaceus. — A plant common to many tropical cotmtries. Its wood 

is extremely light when dry, and is employed by the Polynesians for get- 
ting fire by friction, which is said to be a very tedious and tiresome opera- 
tion, and difficult to accomplish. Good fiber is also obtained from the bark. 

235. Hippomane mancinella.— This is the poisonous manchineel tree of Soutii 

America and other tropical regoins. The virulent nature of the juice of this 
tree has given it a reputation equal to that forced upon the upas tree of Java. 
The juice is certainly very acrid, and even its smoke, when burning, causes 
temporary blindness. The fruit is equally dangerous, and from its beauti- 
ful appearance is sometimes partaken of by those who are unaware of its 
deleterious properties, but its burning effects on the lips soon causes them 
to desist. JLndians are said to poison their arrows with the juice of this tree. 

236. HuRA CREPITANS. — This tropical plant is known as the sand-box tree. Its 

deep-furrowed, rounded, hard-shelled fruit is about the size of an orange, 
and when ripe and dry, it bursts open with a sharp noise like the report of 
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a pistol; hence, it is also called the monkey's dinner bell. An emetic oil 
is extracted from the seeds, and a yenomous, milky juice is abimdant in 
all parts of the plant. 

237 . Hymen JEA courbaril. — The locust tree of the West Indies; also called algar- 
roba in tropical regions. This is one of the very largest growing trees 
known, and living trees in Brazil are supposed to have been growing at 
the commencement of the Christian era. The timber is very hard, and ifl 
much used for building purposes. A valuable resin, resembling the anime 
of Africa, exudes from the trunk, and large lumps of it are found about 
the roots of old trees. 

238. Hyph^ thebaica. — The doum, or doom palm, or gingerbread of Egypt; it 

grows also in Nubia, Abyssinia, and Arabia. The fibrous, mealy husks of 
the seeds are eaten, and taste almost like gingerbread. In the Thebias this 
palm forms extensive forests, the roots spreading over the lurid ruins of one 
of the largest and most splendid cities of the ancient world. 

239. IciCA HEPTAPHYLLA. — The inccnse ti-ee of Guiana, a tall-growing tree, fur- 

nishing wood of great durability. It is called cedar wood on account of 
its fragrant odor. The balsam from the trunk is highly odoriferous, and 
used in perfumery, and is known as balsam of acouchi; it is used in medi- 
cine. The balsam and branches are burned as incense in churches. 

240. Ilex paragtjayensis. — This is the tea plant of South America, where it oc- 

cupies the same important position in the domestic economy of the country 
as the Chinese tea does in this. The mati is prepared by cGrying and roast- 
ing the leaves, which are then reduced to a powder and made into pack- 
ages. When used, a small i)ortion of the powder is placed in a vessel, sugar 
is added, and boiling water poured over the whole. It has an agreeable, 
slightly aromatic odor, rather bitter to the taste, but very refreshing and 
invigorating to the hiunan frame after severe fatigue. It acts in some de- 
gree as an aperient and diuretic, and in overdoses produces intoxication. 
It contains the same active principle, theine as tea and coffee, but not their 
volatile and empyreumatic oils. 

241. Illicium anisatum. — This magnoliaceous plant is a native of China, and its 

fruit furnishes the star aniso of commerce. In Chma, Japan, and India it 
is used as a condiment in the preparation of food, and is chewed to pro- 
mote digestion, and the native physicians prescribe it as a cai-minative. 
It is the flavoring ingredient of the preparation Anisette de Bordeaiujc. Its 
flavor and odor are due to a volatile oil, which is extracted by distillation, 
and sold as oil of anise, which is really a different article. 

242. Illicium floridanum. — A native of the Southern States. The leaves are said 

to be poisonous; hence, the plant is sometimes called poison bag. The bark 
has been used as a substitute for cascarilla. 

243. Illicium religiosum. — A Japanese species, which reaches the size of a small 

tree, and is held sacred by the Japanese, who form wreaths of it with which 
to decorate the tombs of their deceased friends, and they also bum the 
fragrant bark as incense. Their watchmen use the powdered bark for 
burning in graduated tubes, in order to mark the time, as it consumes slowly 
and uniformly. The leaves are said to possess poisonous properties. 

244. Indigofera tinctoria. — The indigo plant, a native of Asia, but cultivated 

and naturalized in many countries. The use of indigo as a dye is of great 
antiquity. Both Dioscorides and Pliny mention it, and it is supposed to 
have been employed by the ancient Egyptians. The indigo of commerce is 
prepared by throwing the fresh cut plants into water, where they are 
steeped for twelve hours, when the water is run off into a vessel and agi- 
tated in order to promote the formation of the blue coloring matter, which 
does not exist ready formed in the tissues of the plant, but is the result of 
the oxidation of other substances contained in them. The coloring matter 
then settles at the bottom: it is then boiled to a certain consistency and 
afterwards spread out on cloth frames, where it is further drained of water 
and pressed into cubes or cakes for market. 

245. Ipom^a purga. — A species of jalap is obtained from this convolvulaceous 

plant; this is a resinous matter contained in the juices. 

246. Iriartella setigera. — A South American palm growing in the underwood 

. of the forests on the Amazon and Rio Negro. The Indians use its slender 
stems for making their blow pipes or gravatanas, through which they blow 
small poisoned arrows with accuracy to a considerable distance. 
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24V. Jamboba malaO(JEN8IS.— This Indian plant belongs to the myrtle fama^-. It 
produces a good-sizeil edible fruit known as the Malay apple. 

248. Jasminum sahbac tripoliatum.— A native of South America. The flowers 

are very fragrant, and an essential oil, much used in perfumery under the 
name of jasmine oil, is obtained from this and other species. 

249. Jatropha clauca.— An East Indian plant the seeds of which when crashed 

furnish an oil which is used in medicine. 

250. Jatropha curcas. — ^The phytic nut tree of tropical America. This plant con- 

tains a milky, acrid, giutmous juice, which fcH*ms a permanent stain wlien 
dropped on linen , and which might form a good markmg ink. Burning oil is 
expressed from the seeds in the Philippine Islands; the oil, boiled with oxide 
of iron, is used in China as a yarnisD. It Ls used in medicine in various 
ways, the leaves for fomentations, the juice in treating ulcers, and the seeds 
as purgatives. 

251. JuBiBA SPECTABius.— The coquito palm of Chili. The seed or nut is called 

cokernut, and has a pleasant, nutty taste. These are used by the Chilian con- 
fectioners in the preparation of sweetmeats, and by the boys as marbles, 
being in shape and size like them. The leaves are used for thatching, and 
the trunks or stems are hollowed out and converted into water pipes. A 
sirup called Miel de Palma or palm honey, is prepared by boiling the sap 
of this tree to the consistency of treacle, and is much esteemed for do- 
mestic use as sugar. The sap is obtained by cutting off the crown of leaves 
when it immediately begins to flow and continues for several months pro- 
vided a thin slice is shaved off the top every morning. Full-grown trees 
will thus yield 90 gallons. 

252. Kjsmpferia oalanga.— This plant belongs to the family of gingers. The 

root stocks have an aromatic fragrance and are used medicinally in India 
as well as in the preparation of perfumery. The flowers appear before the 
leaves upon very short stems. 

253. KiGELiA PINNATA. — This plant is interesting from the circumstance of its being 

held sacred in Nubia, where the inhabitants celebrate their religious festivals 
under it by moonlight, and poles made of its wood are erected as symbols c^ 
special veneration before the houses of their great chiefs. The fruits, which 
are very large, when cut in half and slightly roasted, are employed as an 
outward application to reUeve pains. 

254. Krameria triandria. — This is one of the species that yield the rhatany roots 

of commerce. In Peru an extract is made from this species, which is a mild, 
easily assimilated, astringent medicine. It acts as a tonic, and is used in 
intermittent and putrid fevers. It is also stjrptic, and when applied in plas- 
ters is used in curing ulcers. The color of the infusion of the roots is blood- 
red, on which account it is used to adulterate, or rather it forms an ingredi- 
ent in the fabrication of port wine. 

255. Kydia calycina.— An Indian plant of the family Byttneriacece, The bark is 

employed in infusion as a sudorific and in cutaneous diseases, and its fibrous 
tissue is manufactured into cordage. 

256. Lagetta lintearia. — The lace-bark tree of Jamaica. The inner bark con- 

sists of numerous concentric layers of fibers, which interlace in all directions, 
and thus present a great resemblance to lace. Articles of apparel are made 
of it. Caps, ruffles, and even complete suits of lace are made with it. It 
bears washing with common soap, and when bleached in the sun acquires a 
degree of whiteness equal to the best artificial lace. Ropes made of it are 
very durable and strong. 

257. Lansium domesticum. — A low-growing tree of the East Indies, which is culti- 

vated to some extent for its fruit, which is known in Java and Malacca as 
lanseh fruit, and is much esteemed for its delicate aroma; the pulp is of 
somewhat firm consistence and contains a cooling, refreshing juice. 

258. Lapageria rosea. — ^A twining plant from Chili. The flowers are very beau- 

tiful, and are succeeded by berries, which are said to be sweet and eatable. 
The root has qualities closely resembling sarsaparilla and used for the same 
purpose. 

259. Latania rubra. — ^A very beautiful palm from the Mauritius. The fruit con- 

tains a small quantity of pulp, wnich is eaten by the natives, but is not con- 
sidered very palatable by travelers. 

260. Lawsonia inermis.— This is the celebrated henna of the East. The use of the 

powdered leaves as a cosmetic is very general in Asia and northern Africa, 
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the practice having descended from very remote ages, as is proved by the 
Egyptian mummies, the parts dyed being usually the finger and toe nails, 
the nps of the fingers, the palms of the hands, and soles of the feet, receiv- 
ing a reddish color, considered by Oriental belles as highly ornamental. 
Henna is prejyared by reducing the leaves to powder, and when used is 
made into a pasty mass with water and spread on the part to be dyed, being 
allowed to remain for twelve hours. The plant is known in the West In- 
dies as Jamaica Mignonette. 

I 261. Lectthis ollaria. — This tree produces the hard urn-shaped fruits known in 
i Brazil as monkey cups. Tlie seeds are eatable and sold as Sapucaia nuts. 

The fruit vessels are very peculiar, being 6 inches in diameter and having 
closely fitting lids, which separate when the seeds are mature. The bark is 
composed oi a great number of layers, not thicker than writing paper, 
which the Indians separate and employ as cigar wrappers. 

262. Leptosfbruh lanioerum. — A plant known throughout Australia as Captain 

Cook's tea tree, from the circumstance that, on the first landing of this nav- 
igator in that country, he employed a decoction of the leaves of this plant 
as a corrective to the effects of scurvy among his crew, and this proved an 
efficient medicine. Thickets of this plant, along the swampy margin of 
streams, are known as Tea-tree scrubs. It is also known among the natives 
as the Manuka plant. The wood is hard and heavy, and was formerly used 
for making sharp-pointed spears. It belongs to the myrtle family of plants. 

263. Lieu ALA ACUTIFIDA. — ^This palm is a native of the island of Pulo-Penango, and 

yields canes known by tne curious name of Penang Lawyers. It is a low- 
growing plant, its stems averaging an inch in diameter. The stems are con- 
verted mto walking canes by scraping their rough exteriors and straighten- 
ing them by means of fire heat. 

264. LiMONiA ACiDissiMA. — ^An East India shrub which produces round fruits about 

the size of damson plums, of a yellowish color, with reddish or purplish 
tints. They are extremely acid, and the pulp is employed in Java as a sub- 
stitute for soap. 

265. LiviSTONiA AUSTRAUS. — ^This is one of the few palms found in Australia. The 

unexpanded leaves, prepared by bein^ scaloed and dried in the shade, are 
used for making hats, while we still younger and more tender leaves are 
eaten like cabbage. 

266. LUCTJMA MAMMOSUM. — This sapotaceous plant is cultivated for its fruit, which 

is called marmalade, on account of its containing a thick agreeably flavored 
pulp, bearing some resemblance in appearance and taste to quince marma- 
lade. A native of South America. 

267. Maba gbminata. — The ebony wood of Queensland. The heart wood is black, 

and the outside wood of a bright red color. It is close-grained, hard, heavy, 
elastic and tough, and takes a high polish. 

268. Macadamia ternifolia. — An Australian tree Which produces an edible nut 

called the Queensland nut. This fruit is about the size of a walnut, and 
contains within a thick pericarp, a smooth brown-colored nut, inclosing a 
kernel of a rich and agreeable flavor, resembling in Lome degree that of a 
filbert. 

269. MACH^satUM PIRMUM.— A South American tree which furnishes a portion of the 

rosewood of commerce. Various species of the genus, under the common 
Brazilian name of Jaccaranda, are said to yield this wood, but there is 
some uncertainty about the origin of the various commercial rosewoods. 

270. Maclura tinctoria. — The fustic tree. Large quantities of the bright yellow 

wood of this tree are exported from South America for the use of dyers, 
who obtain from it shades of yellow, brown, olive, and green. A concen- 
trated decoction of the wood deposits, on cooling, a yellow crystalline mat- 
ter called Morine. This tree is sometimes called old fustic, in order to 
distinguish it from another commercial dye called young fustic, which is 
obtained in Europe from a species of Rhus. 

271. Macropiper methysticum. — ^A plant of the pepper family, which furnishes the 

root called Ava by the Polynesians. It has narcotic properties, and is em- 
ployed medicinally, but is chiefiy remarkable for the value attached to it as a 
narcotic and stimulant beverage, of which the natives partake before they 
commence any important business or religious rites. It is used by chewing 
the root and extracting the juice, and has a calming rather than an intox- 
icating effect. It is a filthy preparation, and only partaken of by the lower 
classes of Feejeeans. 
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272. Macrozamia denisonii. — An Australian cycad, the seeds of which contain a 

large amount of farina, or starchy matter, which formerly supplied a con- 
siderable amount of food for the natives of that country. The fresh seeds 
are very acrid, but when steeped in water and roasted they become palatable 
and nutritious. 

273. Malpiohia glabra. — A low-growing tree of the West Indies, which produces 

an edible fruit called the fiarbadoes cherry. 

274. Mammea AMERICANA. — The fruit of this tree, under the name of mammee 

apple, is very much esteemed in tropical countries. It often attains a size of 
6 or 8 inches in diameter and is of a yellow color. The outer rind and the 
pulp which immediately surrounds the seeds are very bitter, but the inter- 
mediate is sweet and aromatic. The seeds are used as anthelmintics, an 
aromatic liquor is distilled from the flowers, and the acrid, resinous gum 
distilled from the bark is used to destroy insects. 

275. Manettia cordifolia. — ^This climbing-plant is a native of South America, and 

belongs to the family of CinchonacecB. The rind of the root has emetic 
properties, and is used in Brazil for dropsy and other diseases. It is also 
exported under the name of Ipecacuan, chiefly from Buenos Ayres. 

276. Manqifera indioa. — ^The mango, in some of its varieties esteemed as the 

most delicious of tropical fruits, while many varieties produce fi-uit whose 
texture resembles cotton and tastes of turpentine. The unripe fruit is 
pickled. The pulp contains gallic and citric acid. The seeds possess 
anthelmintic properties. A soft gum resin exudes from the wounded bark, 
which is used medicinally. 

277. Manicaria saccifera. — Bussu palm of South America. Its large leaves are 

used for thatching roofs , for which purpose they are weU fitted and very 
durable. The fibrous spathe furnishes a material of much value to the na- 
tives. This fibrous matter when taken off entire is at once converted into 
caftital bags, in which the Indian keeps the red paint for his toilet, or the 
silk cotton for his arrows, or he stretches out the larger ones to make him- 
self a cap of nature's own weaving, without seam or joint. 

278. Manihot utilissima. — ^This euphorbiaceous |)lant yields cassava or mandiocca 

meal. It is extensively cultivated in tropical climates and supplies a great 
amount of food. The root is the part used, and in its natural condition is 
a most virulent poison, but by grating the roots to a pulp the poison is ex- 
pelled by pressure, and altogether dissipated by cooking. The expressed 
juice, when allowed to settle, deposits the starch known as tapioca. 

279. Maranta arundinacea. — ^The arrowroot plant, cultivated for its starch. 

The tubers being reduced to pulp with water, the fecula subsides, and is 
washed and dried for commerce. It is a very pure kind of starch, and very- 
nutritious. The term arrowroot is said to be derived from the fact that 
the natives of the West Indies use the roots of the plant as an application 
to wounds made by poison arrows. 

280. Mauritia flexuosa. — The Moriche, or Ita palm, very abundant on the banks 

of the Amazon, Rio Negro, and Orinoco Rivers. In the delta of the lat- 
ter it occupies swampy tracts of ground, which are at times completely 
inundated, and present the appearance of forests rising out of the water. 
These swamps are frequented by a tribe of Indians called Guaranes, who 
subsist almost entirely upon the produce of this palm, and during the period 
of the inundations suspend their dwellings from the tops of its tall stems. 
The outer skin of the young leaves is made into string and cord for the 
manufacture of hammocks. The fermented sap yields palm wine, and 
another beverage is prepared from the young fruits, while the soft inner 
bark of the stem yields a farinaceous substance like sago. 

381. Maximiuana regia. — ^An Amazonian palm called Inaja. The spathes are so 
hard that, when filled with water, they will stand the fire, and are some- 
times used by the Indians as cooking utensils. The Indians who prepare 
the kind of rubber called bottle rubber, make use of the hard stones of the 
fruit as fuel for smoking and drying the success^ ve layers of milky juice as 
it is applied to the mold upon which the botties are formed. The outer 
husk, £Uso, yields a kind of saline flour used for seasoning their food. 

282. Melaleuca minor. — A native of Auj traliaand the islands of the Indian Ocean. 
The leaves, being fermented, are distilled, and yield an oil known as caju- 
put or cajeput oil, which is green, and has a strong aromatic odor. It is 
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valuable as an antispasmodic and stimulant, and at one time had a great 
reputation as a cure for cholera. In China the leaves are used as a tonic in 
the form of decoction. 

283. Melicoooa buuga. — ^This sapindaceous tree is i>lentiful in tropical America 

and the West Indies, and is known as the Genip tree. It produces numer- 
ous green egg-shaped fruits, ^n inch in length, possessing an agreeable 
vinous and somewhat aromatic flavor, called honey berries or bullace plums. 
The wood of the tree is hard and heavy. 

284. Meloc ACTUS communis. — Commonly called the Turk's Cap cactus, from the 

flowering portion on the top of the plant being of a cylindrical form and 
red color, like a fez cap. Notwithstanding that they grow in the most dry 
sterile places, they contain a considerable quantity of moisture, which is 
well known to mules, who resort to them when very thirsty, first removing 
the prickles with their feet. 

285. Mesembryanthemum orystallinum. — ^The ice plant, so called in consequence 

of every part of the plant being covered with small watery pustules, which 
glisten in the sun like fragments of ice. Large quantities of this plant are 
collected in the Canaries and burned, the ashes being sent to Spain for the 
use of glass makers. M. edule is called the Hottentot's fig, its fruit being 
about the size of a small fig, and having a pleasant, acid taste when ripe. 
M. tortuosum possesses narcotic properties, and is chewed by the Hottentots 
to induce intoxication. The fruits possess hygrometric properties, the 
dried, shriveled, capsules swelling out and opening so as to allow of the es- 
cape of the seeds when moistened by rain, which at the same time fits the 
soil for their germination. 

286. MiKANiA GUACO. — ^A Composite plant which has gained some notoriety as the 

supposed Cundurango, the cancer-curing bark. It has long been supposed 
to supply a powerful antidote for the bite of venomous serpents. 

287. Mimusops balata. — The Bully tree. This sapotaceous plant attains a great 

size in Guiana and affords a dense, close-grained, valuable timber. Its 
small fruits, about the size of coffee berries, are delicious when ripe. The 
fiowers also yield a perfume when distilled in water, and oil is expressed 
from the seeds. 

288. Mimusops elengi. — ^A native of Ceylon, where its hard, heavy, durable timber 

is used for building purposes. The seed also affords a great amount of oil. 

289. MONODORA GRANDiFLORA. — ^An African plant belonging to the Anonaceaj. It 

produces large fruit, which contains a large quantity of seeds about the size 
of the Scarlet-Runner bean. They are aromatic and impart to the fruit the 
odor and fiavor of nutmeg; hence they are also known as calabash nut- 
megs. 

290. MoNSTERA DELLCIOSA. — ^This is a native of southern Mexico and yields a deli- 

cious fruit with luscious pineapple fiavor. The outer skin of the fruit, if 
eaten, causes a stinging sensation in the mouth. This is easily removed 
when the f rUit is ripe. The leaves are singularly perforated with holes at 
irregular intervals, from natural causes not sufficiently explained. In Trin- 
idad the plant is called the Ceriman. 

291. MORINGA PTERYGOSPERMA.— A native of the East Indies, where it bears the 

name of horse-radish tree. The seeds are called ben nuts and supply a 
fiuid oil, highly prized by watchmakers, called oil of ben. The root is pun- 
gent and stimulant and tastes like horse-radish. 

292. MORONOBEA cocciNEA.— Thehog gum tree, which attains the height of 100 feet. 

A fiuid juice exudes from incisions in the trunk and hardens into a yellow 
resin. It is said the hogs in Jamaica when wounded rub the injured part 
against the tree so as to cover it with the gum, which possesses vulnerary 
properties; hence its name. The resin has been employed as a substitute 
for copaiba balsam, and plasters are made of it. 

MucuNA PRURIENS. — A tall climbing plant of the West Indies and other warm 
climates. It is caK%d the cowage, or cow-itch, on account of the seed pods 
being covered with short brittle hairs, the points of which are finely ser- 
rated, causing an unl>earable itching when applied to the skin, which is 
relieved by rubbing the part wi^h oil. It is employed as a vermifuge. In 
East Africa it is called Batedzi. The sea beans found on the coast of Florida 
are the seeds of Mucuna altissima. In Cuba these are called bulls' eyes* 
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294. MURRAYA EXOTICA. —A Chinese plant of the orange family. The fruit is suc- 

culent, and the white flov^ers are very fragrant. They are used in per- 
fumery. 

295. MUSA CAVENDiSHn.— This is a valuable dwarf species of the banana from 

southern China. It bears a large truss of fine fruit, and is cultivated to 
some extent in Florida, where it endures more cold than the West India 
species and fruits more abundantly.. 

296. MusA ENSETE. — This Abyssinian species forms large foliage of striking beauty. 

The food is dry and xmeatable ; but the base of the flower stalk is eaten by 
the natives. 

297. MusA 8APIENTUM.— The banana plant. This has been cultivated and used as 

food in tropical countries from very remote times, and furnishes enormous 
quantities of nutritious food, and serves as a staple support to a large num- 
ber of the human race. The expressed juice is in some countries made into 
a fermented liquor and the young shoots eaten as a vegetable. 

298. MusA TExnus. — This furnishes the fiber known as manilla hemp, and is cul- 

tivated in the Philippine Islands for this product. The finer kinds of the 
fiber are woven into beautiful shawls ana the coarser manufactured into 
cordage for ships. The fiber is obtained from the leaf -stalks. 

299. Muss^NDA PRONDOBA.— This cinchonaceous plant is a native of Ceylon. The 

bark and leaves are esteemed as tonic and ferbrifuges in the Mauritius, 
where they are known as wild cinchona. The leaves and flowers are also 
used as expectorants, and the juice of the fruit and leaves is used as an eye- 
wash. 

300. Myristica moschata.— The nutmeg tree. The seed of this plant is the nut- 

meg of commerce, and mace is the seed cover of the same. Wh^i the nuts 
are gathered tiiey are dried and the outer shell of the seed removed. The 
mace is also dried in the sun and assumes a golden yellow color. The most 
esteemed nutmegs come from Penang. . At one time the nutmeg culture 
was monopolized ^y the Dutch, who were in the habit of burning them 
when the crop was too abundant, in order to keep up high prices. 

301. Myrospermum peruiferum.— This plant yields the drug known as balsam of 

Peru, which is procured by making incisions in the bark, into which cotton 
rags are thrust; a fire is then made round the tree to liquefy the balsam. 
The balsam is collected b^ boiling the saturated rags in water. It is a thick, 
treacly looking Uquid, with fragrant aromatic smell and taste, and is not 
used so much m medicine as it formerly was. 

302. Myrosperum toluiferum. — A South American tree, also called Myroxylon, 

which yields the resinous drug called balsam of Tolu. This substance is 
fragrant, having a warm, sweetish taste, and bums with an agreeable odor. 
It is used in perfumery and in the manufacture of pastiles, a&o for flavor- 
ing confectionery, as m Tolu lozenges. 

303. Myrtus communis — ^The common m3nrtle. This plant is sut>posed to be a na- 

tive of western Asia, but now grows abundantly in Italy, Spain, and the 
south of France. Among the ancients the myrtle was held sacred to Venus 
and was a plant of considerable importance, wreaths of it being worn by 
the victors of the Olympic games and other honored personages. Various 
parts of the plant were used in medicine, in cookery, and by the Tuscans 
m the preparation of myrtle wine, called viyrtidanum. It is still used in 

?erfumery, and a highly perfumed distillation is made from the flowers, 
he fruits are very aromatic and sweet, and are eaten fresh or dried and 
used as a condiment. 

304. Nandina domestica. — ^A shrub belonging to the family of berberries. It is a 

native of China and Japan, where it is extensively cultivated for its fruits. 
It is there known as Nandin. 

305. Nauclea gambir. — A native of the Malayan Islands, which yields the Gambir, 

or Terra Japonica of commerce. This is prepared by boiling the leaves in 
water until the decoction thickens, when it is poured into molds, where it 
remains until it ac(}uires the consistency of clay; it is then cut into cubes 
and thoroughly dried. It is used as a masticatory in combination with the 
areca nut and betel leaf, and also for tanning purposes. 

306. Nbctandra leucantha.— The greenheart, or bibiru tree of British Guiana* 

furnishing bibiru bark, which is used medicinally as a tonic and febrifuge, 
its properties being due to the presence of an imcrystallizable alkaloid, 
also found in the seeds. The seeds are also remarkable for containing 
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upwards of SOper cent of starch, which is made into a kind of hread bv 
the natives. The timber of this tree is extensively employed in shipbuila- 
ing, its great strength and durability rendering it peculiarly well suited for 
this purpose. 

307. Nepenthes distillatoria.— This pitcher plant is a native of Ceylon. The 

pitchers are partly filled witJi water before they open; hence it was sup- 
posed to be produced by some distilling process. In Ceylon the old, tough, 
flexible stems are used as willows. 

308. Nephblium litohi. — ^This sapindaceous tree produces one of the valued indig- 

enous fruits of China. There are several varieties; the fruit is round, 
about an inch and a half in diameter, with a reddish-colored, thin, brittle 
shell. When fresh they are filled with a sweet, white, transparent, jelly- 
like pulp. The Chinese are very fond of these fruits and consume large 
quantities of them, both in the fresh state and when dried and preserved. 

309. Nerium oleander.— This is a well-known plant, often seen »n cultivation, and 

seemingly a favorite with many. It belongs to a poisonous family and is a 
dangerous poison. A decoction of its leaves forms a wash, employed in the 
south of Europe to destroy vermin; and its powdered wood and bark con- 
stitute the basis of an efiicacious rat-poison. Children have died from eating 
the flowers. A party of soldiers in Spain, having meat to roast in camp, 
procured spits and skewers of the tree, which there attains a large size. The 
wood having been stripped of its bark, and brought in contact with the meat, 
was productive of fatal consequences, for seven men died out of the twelve 
who partook of the meat and the other five were for some time danger- 
ously ill. 

310. NoTELiBA LIGUSTRINA. — ^The Tasmanian iron wood tree. It is of medium growth 

and furnishes wood that is extremely hard and dense, and used for mak- 
ing sheaves for ships' blocks, and for other articles that require to be of 
great strength. The plant bslongs to the olive family. 

311. OCHROMA Lagopus. — ^A tree that ctows about 40 feet high, along the seashores 

in the West Indies and Centrsu America, and known as the cork wood. 
The wood is soft, spon^, and exceedingly light, and is used as a substitute 
for cork, both in stopping bottles and as floats for fishing nets. It is also 
known as Balsa. 

313. CBnocarpus batava. — ^A' South Americaii palm, which yields a colorless, 
sweet-tasted oil, used in Para for adulterating olive ou, being nearly as 
good for this purpose as peanut oil, so largely used in Europe. A palatable 
but slightly aperient beverage is prepared by triturating the fruits in water, 
and adding sugar and mandiocca flour. 

313. OiiEA EUROP-fflA. — The European olive, which is popularly supposed to furnish 

aU the olive oil of commerce. It is a plant of slow growth and of as slow 
decay. It is considered probable that trees at present existing in the Vale 
of Gfethsemane are those which existed at the commencement of the 
Christian era. The oil is derived from the flesh of the fruit, and is pressed 
out of the bruised pulp; inferior kinds are from second and third pressings. 
The best salad oil is from Leghorn, and is sent in flasks surrounded by rush- 
work. Gallipoli oil is transported in casks, and Lucca in jars. The pick- 
ling olives are the unripe fruits deprived of a portion of their bitterness by 
soaking in water in which lime and wood ashes are sometimes added, and 
then bottled in salt and water with aromatics. 

314. Ophiocaryon paradoxum.— The snake nut tree of Guiana, so called on 

account of the curious form of the embryo of. the seed, which is spirally 
twisted, so as to closely resemble a coiled-up blacksnake. The fruits are 
as large as those of the black walnut, and altnough they are not known to 
possess any medical properties, their singular snake-like form has induced 
the Indians to employ them as an antidote to the poison of venomous 
snakes. The plant oelongs to ti^e order of Sapindacece, 

315. Ophiorhiza munoos.— a plant belonging to the cinchona family, the roots of 

which are reputed to cure snake bites. They are intensely bitter, and from 
this circumstance they are csdled earth-galls by the Malays. 

316. Ophioxylon serpentinum. — ^A native of the East Indies, where the roots are 

used in medicine as a febrifuge and alexipharmic. 

317. Opuntia cjochinellifera. — ^A native of Mexico, where it is largely cultivated 

in what are called the Nopal plantations for the breeding of the cochineal 
insect. This plant and others are also grown for a similar purpose in the 
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Canary IslancU and Madeira. Some of these plantations contain fifty thou- 
sand plants. Cochineal forms the finest carmme scarlet dre, and at least 
there are 2,000 tons of it produced yearly, in value worth f 2,000 per ton. 

818. Opuntia tuna. — This plant is a native of Mexico and South America gener- 
ally. It reaches a height of 15 to 20 feet and bears reddish-colored flowers, 
followed by pear-shaped fleshy fruits 2 or 3 inches long, and of a rich car- 
mine color when ripe. It is cultivated for rearing the cochineal insect. 
The fruits are sweet and juicv; sugar has been made from them. The juice 
is used as a water-color and for coloring confectionery. 

319. Obeodaphne Californica. — ^The mountain laurel, or spice bush, of Califor- 

nia. When bruised it emits a strong, spicy odor, and the Spanish Ameri- 
cans use the leaves as a condiment. 

320. Oreodoxa OLERACEA. — The West Indian cabbage palm, which sometimes at- 

tains the height of 170 feet, with a straight cylindrical trunk. The semicyl- 
indrical portions of the leaf -stalk are formed into cradles for children, or 
made into splints for fractures. Their inside skin, peeled off while green, 
and dried, looks like vellum, and can be written upon. The heart of young 
leaves, or cabbage, is boiled as a vegetable or pickled, and the pith affords 
sago. Oil is obtained from the frmt. 

821. Ormosia dasycarpa. — This is the West Indian bead tree, or necklace tree, 
the seeds of which are roundish, beautif uU^ polished, and of a bright scarlet 
color, with a black spot at one end resemblmg beads, for which they are sub- 
stitutes, being made into necklaces, bracelets, or mounted in silver for studs 
and buttons. It is a leguminose plant. 

322. OSMANTHUS FRAORANS.— This plant has long heen cultivated as Olea Fragrans. 

The flowers have a fine fragrance, and are used by the Chinese to perfume 
tea. It appears that they consider the leaves also valuable, for they are 
frequently found in what is expected to be genuine tea. 

323. Pachira alba. — A South American tree the inner bark of which furnishes a 

strong useful fiber, employed in the manufacture of ropes and various kinds 
of cordage. The petals of the flowers are covered with a soft silky down 
which is used for stuffing cushions and pillows. 

324. Pandanus utiiis. — ^The screw pine of the Mauritius, where it is largely cul- 

tivated for its leaves, which are manufactured into bags or sacks for the 
exportation of sugar. . They are also used for making other domestic vessels 
and for tying purposes. 

325. Pappea capensis. — ^A small tree of the soapberry or sapiudaceous familv, 

a native of the Cape of Grood Hope, where the fruit is known as the wild 
plum, from the pulp of which a vinous beverage and excellent vinegar are 
prepared, and an eatable, though slightly purgative, oil is extracted from 
the seeds. The oil is also strongly recommended for baldness and scalp 
affections. 

826. Papyrus antiquorum.— The paper-reed of Asia, which yielded the substances 
used as paper by the ancient Egyptians. The underground root-stocks 
spread horizontally under the muddy soil, continuing to throw up stems as 
they creep along. The paper was made from thin slices, cut vertically from 
the apex to the base of tne stem, between its surface and center. The slices 
were placed side by side, according to the size required, and then, after 
being wetted and beaten with a wooden instrument until smooth, were 
pressed and dried in the sun. 

327. Paritium elatum. — ^The mountain mahoe, a malvaceous plant, that furnishes 

the beautiful lace-like bark called Cuba bast, imported by nurserymen for 
tying their plants. It was at one time only seen as employed in tying 
together bundles of genuine Havana cigars. It forms a tree 40 feet or more 
in height, and yields a greenish-blue timber, highly prized by cabinet- 
makers. 

328. Parkia afrioana. — The African locust tree, producing seeds which the natives 

of Soudan roast, and then bi*uise and allow to ferment in water until they 
become putrid, when they are carefully washed, pounded into powder, and 
made into cakes, which are said to be excellent, though having a very 
unpleasant smell. The pulp surrounding the seeds is made into a sweet 
farinaceous preparation. 
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829. Paekinsonia aculeata. — This leguminous plant is called Jerusalem Thorn. 
Although a native of Southern Texas and Mexico, it is found in many trop- 
ical countries, and is frequently used for making hedges. Indians in Mex- 
ico employ it as a febrifuge and sudorific and also as a remedy for epilepsy. 

330. Parmentiera cereifera. — In the Isthmus of Panama this plant is termed 

the Candle tree, because its fruits, often 4 feet long, look like yellow can- 
dles suspended from the branches. They have a peculiar, apple-like smell, 
and cattle that partake of the leaves or fruit have the smell communicated 
to the beef if killed immediately. 

331. Passiflora quadrangularis. — The fruit of this plant is the Granadilla of the 

tropics. The pulp has an agreeable though rather mawkish taste. The 
root is said to possess narcotic properties, and is used in the Mauritius as an 
emetic. 

332. Paullinia sorbilis. — The seeds of this climbing sapindaceous plant furnish 

the famous guarana of the Amazon and its principal tributaries. The ripe 
seeds, when thoroughly dried, are pounded into a fine powder, which made 
into dough with water, is formed into cylindrical rolls, from 5 to 8 inches 
long, becoming very hard when dry. It is used as a beverage, which is 
prepared by grating about half ateaspoonful of one of the cakes into about 
a teacup of water. It is much used by Brazilian miners, and is considered 
a preventive of aU manner of diseases. It is also used by travelers, who 
supply themselves with it previous to undertaking lengthy or fatiguing 
journeys. Its active principle is identical with theine, of which it contains 
a larger quantity than exists in any other known plant, being more than 
double that contained in the best black tea. 

333. Pavetta borbonica. — ^This belongs to the quinine family. The roots are bit- 

ter, and are employed as a purgative ; the leaves are also used medicinally. 

334. Pbdilanthus tithymaloides. — This euphorbiaceous plant has an acrid, milky, 

bitter juice ; the root is emetic, and the dried branches are used medici- 
nally.^ 

335. Pereskia aculeata. — The Barbadoes gooseberry, which belongs to the family 

Cactacece. It grows about 15 feet in height, and produces yellow-colored, 
eatable, and pleasant-tasted fruit, which is used in the West Indies for 
making preserves. 

336. Persea gratissima.— The avocado or alligator pear, a common tree in the 

West Indies. The fruits are pear-shaped, covered with a bmwnish-green 
or purple skin. They are highly esteemed where grown, but strang:ers 
do not relish them. They contain a large quantity of firm pulp, possessing 
a buttery or marrow-Uke taste, and are frequently called vegetable marrow. 
They are usually eaten with spice, lime-juice, pepper, and salt. An abun- 
dance of oil, for burning and for soap-making, may be obtained from the 
pulp. The seeds yield a deep, indeliWe black juice, which is used for mark- 
ing linen. 

837. Phcbnix dactylifera. — ^The dat^ palm, very extensively grown for its fruit, 

which affords the principal food for a large portion of the inhabitants of 
Africa, Asia, and southern Europe, and likewise of the various domestic 
animals— dogs, horses, and camels being alike partial to it. The tree 
attains to a great age, and bears annually for two hundred years. The 
huts of the poorer classes are constructed of the leaves: the fiber surround- 
in =i the bases of their stalks is used for making rppes and coarse cloth; the 
stalks are used for the manufacture of baskets, brooms, crates, walking 
sticks, etc., and the wood for building substantial houses; the heart of 
young leaves is eaten as a vegetable; the sap af£ords an intoxicating bev- 
erage. It may be further mentioned that the date was, probably, the palm 
whKjh supplied the "branches of palm trees" mentioned by St. John 
(xii, 13) as having been can-led by the people who went to meet Christ on 
his triumphal entry into Jerusalem, and from which Palm Sunday takes 
ite name. 

838. Phormidm tenax. — This plant is called New Zealand flax, on account of the 

leaves containing a large quantity of strong, useful fiber, which is used by 
the natives of that country for making strings, ropes, and articles of cloth- 
ing. The plant could be grown in this climate, and would no doubt be 
largely cultivated if some efficient mode of separating the fiber could be 
discovered* 

28682 
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339. Photinia japonica. — ^The Japanese Medlar, or Chinese Lo-quat. It bears a 

small oval fruit of an orange color when ripe, having a pleasant subacid 
flavor. It stands ordinary winters in this climate, and forms a fine ever- 
green, medium-sized tree. 

340. Physostioma venenosum. — ^A strong leguminous plant, the seeds of which 

are highly poisonous, and are employed by the natives of Old Calabar as 
an ordeal. Persons suspected of witchcraft or other crimes are compelled 
to eat them until they vomit or die, the former being regarded as proof of 
innocence, and the latter of guilt. Recently the seeds have been found 
to act powerfully in diseases of the eye. 

341. Phytblephas macrocabpa. —.The vegetable ivory plant, a native of the north- 

ern parts of South America. The fruit consists of a collection of six or 
seven drupes; each contains from six to nine seeds, the vegetable ivory of 
commerce. The seeds at first contain a clear, insipid liquid; ^terwardi 
it becomes milky and sweet, and changes by degrees until it becomes hard 
as ivory. Animals eat the fruit in its youn^ green state; a sweet oily pulp 
incloses the seeds, and is collected and sold in the markets under the name 
of Pipa de Jagua. Vegetable ivory may be distinguished from animal 
ivory by means of sulphuric acid, which gives a bright red color with the 
vegetable ivory, but none with the animal ivory. 

842. PiCRASMA EXCELS A. — This yields the bitter wood known as Jamaica Quassia. 
The tree is common in Jamaica, where it attains the height of 50 feet. The 
wood is of a whitish or yellow color, and has an intensely bitter taste. 
Although it is used as a medicine in cases of weak digestion, it acts as a 
narcotic poison on some animals, and the tincture is used as fly poison. 
Cups made of this wood, when fiUed with water and allowed to remain for 
some time, will impart tonic properties to the water. 

343. PiNCKXEYA PUBENS. — ^This cinchouaceous plant is a native of the Southern 

States and has a reputation as an antiperiodic. It is stated that incom- 
plete examinations have detected dnchonine in the bark. It has been used 
successfully as a substitute for quinine. A thorough examination of thii 
plant seems desirable so that its exact medical yalue may be ascertained. 

344. Piper betel. — This plant belongs to the Piperacece. Immense quantities of 

the leaves of this plant are chewed by the Malays. It tinges the saliva a 
bright red and acts as a powerful stimulant to the digestive organs and sal- 
ivary glands; when swallowed it causea giddiness and other unpleasant 
symptoms in persons unaccustomed to its use. 

845. Piper nigrum. — ^This twining shrub ^elds the pepper of commerce. It is cul- 
tivated in the East and West Indies, Jaya, etc., the Malabar being held in 
the highest esteem. The fruit when ripe is of a red color, but it is gathered 
before being fully ripe and dried in the sun, when it becomes black and 
shriveled. White pepper is the same fruit with the skin removed. When 
analyzed, pepper is found to contain a hot acrid resin and a yolatile oil, as 
well as a crystalline substance called piperin, which has been recom- 
mended as a substitute for quinine. 

346. PiSTACiA LENTiscus. — The mastic tree, 'a native of southern Europe, northern 

Africa, and western Asia. Mastic is the resin of the tree and is obtained 
by making transverse incisions in the bark, from which it exudes in drops 
and hardens into small semitransparent tears. It is consumed in large 
quantities by the Turks for chewing to strengthen the gums and sweet^ 
tne breath. It is also used for varnishing. 

347. PiSTACiA TEREBINTHUS. — The Cyprus turpentine tree. The turpentine flows 

from incisions made in the trunk and soon becomes thick and tenacious, 
and ultimately hardens. Galls gathered from this tree are used for tanning 
purposes, one of the varieties of morocco leather being tanned with them. 

348. PiSTACiA VERA. — The pistacia tree, which yields the eatable pistachio nuts. It 

is a native of western Asia. The nuts are greatly eaten hy the Turks and 
Greeks, as well as in the south of Europe, either simply dried like almonds 
or made into articles of confectionery. 

319. PiTHECOLOBiUM SAMAN. — This leguminous plant yields eatahle pods, which are 
fed to cattle in Brazil. Some Mexican species produce pods that are boiled 
and eaten, and certain portions contain saponaceous properties. The pods 
are sometimes called Manilla tamarinds. The leaves of this tree fold dosely 
up at night, so that they do not prevent the radiation of heat from the 8m> 
face of the ground, and dew is therefore deposited underneath its branches. 
The grass on the surface of the ground underneath this tree being thus wet 
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with dew, while that under other trees is found to be dry, has given it the 
name of rain tree, under the supposition that the leaves dropped water 
during the night. 

850. PiTTOSPORUM UNDULATUM. — A plant from New Zealand, which reaches a con- 
siderable size, and furnishes a wood similar to boxwood. The flowers are 
very fragrant. 

351. PLAaiANTHUS BETULINUS. — The inner bark of the young branches of this plant 

yields a very fine fiber, sometimes called New Zealand cotton, though more 
like flax than cotton ; it is the Akaroa of the New Zealanders. In Tasma- 
nia it bears the name of Currajong. Good cordage and twine for fishing 
nets are made from this fiber. A superior paper pulp is prepared from the 
wood; it is also employed in making handles to baskets, rims for sieves, and 
hoops for barrels. 

352. Platonia insignis. — A Brazilian tree which bears a fruit known in that 

country as Pacoury-uva. The pulp of this fruit is semiacid, ver}^ delicious, 
and is employed in making preserves. The seeds embedded in this pulp 
have the flavor of almonds. 

853. Plumbago scandens.— The root of this plant is called Herbe du Diable in San 

Domingo; it is acrid in the highest degree, and is a most energetic blister- 
ing agent when fresh. 

854. Plumieria alba. — A South American plant. The flowers are used in per- 

fumery, and furnish the scent known as Frangipane or Frangipani. In 
Jamaica the plant is known as red jasmine. 

855. PoGK)STEMON PATCHOULY. — ^This plant affords the celebrated patchouli per- 

fume. The peculiar odor of patchouli is disagreeable to some, but is very 
popular with many persons. The odoriferous part of the plant is the 
leaves and y^oung tops, which yield a volatile oil by distillation, from which 
an essence is prepared; satchets of patchouU are made of coarsely powdered 
leaves. Gtenuine Indian shawls and Indian ink were formerly distin- 
■ guished by their odor of this perfume, but the test does not now hold good. 
Bl effects, such as loss of sleep, nervous attacks, etc., have been ascribed 
to its extensive use. 

856. PoNGAMiA GLABRA. — Some years ago this tree was recommended as suitable 

for avenue-planting in the south of France. In India an oil called poonga 
is exp essed from the seeds, which is much used for mixing with lamp oil. 
It is of a deep yellow color, and is fluid at temperatures above 60 F., but 
below that it biecomes solid. 

857. PoRTLANDiA GRANDiPLORA — ^This plant belongs to the cinchonaceous family, 

and is said to possess propei'ties similar to those of the true cinchona. The 
bark is exceedingly bitter. 

158. PsiDroM CATTLEYANUM. — This is the purple guava from China. The fruits are 
fllled with juicy, pale flesh, of a very agreeable acid-sweet flavor. 

859. PSIDIUM PYRIFERUM. — The West Indian guava, a well-known fruit in the 

tropics, but only known here in the shape of guava jelly. The wood of 
the tree has a fine, close grain, and has besn experimented with as a sub- 
stitute for boxwood for engraving purposes, but it is too soft to stand the 
pressure of printing. 

860. PSYCHOTRIA LEUCANTHA. — A plant belonging to the cinchona family. Emetic 

properties are assigned to the roots, which are also used in dyeing. Native 
of Peru. 

861. Pterocarpus MARSUPruM. — This tree affords gum-kino, which is obtained by 

making incisions in the bark, from which the juice exudes and hardens 
into a brittle mass, easily broken into small angular, shining fragments of 
a bright ruby color. It is highly astringent. The wood is hard and valua- 
ble for manufacturing purposes. 

862. PUNICA GRANATUM. — The pomegranate, a native of northern Africa and west- 

em Asia. The fruit is valued in warm countries on account of its deli- 
cious cooling and refreshing pulp. Numerous varieties are grown, some 
being sweet and vinous, and others acid or of a bitter, stringent taste; the 
color also varies from light to dark red. The bark of the root abounds 
in a peculiar principle called punidn. This bark appears to have been 
known to the ancients, and used by them as a vermifuge, and is still used 
in Hindostan as a specific against tapeworm. The rind of the fruit of the 
bitter varieties contains a large amount of tannin, and is used for tanning 
morocco leather. The flowers yield a red dye. 
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868. Quassia AMAR v. — The wood of this plant furnishes Surinam quassia. Itia 
destitute of smell, but has an intensely bitter taste, and is used as a tonic 
The root has also reputed medicinal value, as also have the flowers. 

364. Quill AJA saponaria.— The Quillai or Cully of the Chilians. Its bark is called 

soap-bark, and is rough and dark-colored externally, but internally consists 
of numerous regular whitish or yellowish layers, and contains a large 
quantity of carbonate of lime and other mineral matters. It is also rich in 
aaponinBt and is used for washing clothes; 2 ounces of the bark is sufficient 
to wash a dress. It also removes all spots or stains, and imparts a fine 
luster to wool; when {powdered and rubbed between the hands in water, it 
makes a foam like soap. It is to be found in commerce. 

365. Randia aculeata. — A small tree native of the West Indies, also found in. 

southern Florida. In the West Indies the fruit is used for producing a blue 
dye, and medicinal propei-ties are assigned to the bark. 

866. Raphia tcedigera. — The Jupati palm. The leaf -stalks of this plant are used 

by the natives of the Amazon for a variety of purposes, such as construct- 
ing inside walls, making boxes and baskets, etc. JR. vinifera, the Bamboo 
psdm, is similarly used by the Africans, who also make a very pliable cloth 
of the undeveloped leaves. Palm wine is one of the products of the genus. 

867. Ravenala madagascariensis. — This plant is called the Traveler's tree, prob- 

ably on account of the water which is stored up in the large cup-like sheaths 
of the leaf -stalks, and which is sought for by travelers to allay their thirst 
The broad leaves are used in Madagascar as thatch to cover their houses. 
The seeds are edible, and the blue, pulpy aril surrounding them yields an 
essential oil. 

868. Rhafis flabelliformis. — The ground rattan palm. This is supposed to 

yield the walking-canes known as rattan, which is doubted. It is a native 
of southern China, and is also found in Japan, where it is known by the 
name of Kwanwortsik. 

869. RmzoPHORA mangle. — This plant is known as the mangrove, possibly because 

no man can live in the swampy groves that are covered with it in trop- 
ical countries. The seeds germinate, or form roots before they quit the 
parent tree, and drop into the mud as young trees. The old plants send out 
aerial roots into the water, upon which the mollusca adhere, and as the tide 
recedes they are seen clinging to the shoots, verifying the statements of 
old travelers that they had seen oysters growing on trees. AU parts of this 
tree contain tannin. The bark yields dyes, and in the West Indies the 
leaves are used for poulticing wounds. The fruit is edible; a coarse, brittle 
salt is extracted from the roots, and in the Philippines the bark is used as 
a febrifuge. 

870. Rottlera tinctoria. — ^This plant belongs to the order EuphorbiacecB, and 

reaches the size of a small tree in the Indian Arohipela^o and soutliem 
Australia. From the surface of the trilobed capsules of this plant, which 
are about the size of peas, a red, mealy powder is obtained, well known in 
India as kamala, and which is used by Hindoo silk-dyers, who obtain from 
it a deep, bright, durable orange or flame color of great beauty. This is 
obtained by boiling the powder in a solution of carbonate of soda. When 
the capsules are ripe the red powder is brushed off and collected for sale, 
no other preparation being necessary to preserve it. It is also used medici- 
nally as an anthelmintic and has been successfully used in cases of tape- 
worm. A solution removes freckles and pistules and eruptions on the skin. 

871. RuELUA INDIGOTICA. — This small bush is extensively cultivated in China for 

the preparation of a blue coloring-matter of the nature of indigo. The 
pigment is prepared from the entire plant by a process similar to that em- 
ployed in procuring the common indigo. It is sold in China in a pasty 
state. The water in which the plant is steeped is mixed with lime and 
rapidly agitated, when the coloring deposits at the bottom of the vessel. 

872. Sabal adansoni. — This dwarf palm is a native of the Southern States. The 

leaves are made into fans, and the soft interior of the stem is edible. 

373. Sabal umbraculifera. — This is a West Indian palm; the leaves are used for 

various purposes, such as making mats, huts, etc. 

374. Saccharum officinarum. — The sugar cane. Where the sugar cane was flrst 

cultivated is unknown, but it is supposed to have been in the East Indies, 
for the Venetians imported it from thence by the Red Sea prior to the year 
1148. It is supposed to have been introduced into the islands of Sicily, Crete, 
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Rhodes, and Cyprus by the Saracens, as abundance of sugar was made in 
these islands previous to the discovery of the West Indies in 1492 by the 
Spaniards, and the East Indies and Brazil by the Portuguese in 1497 and 1560. 
It was cultivated afterwards in Spain, in Valentia, Grranada, and Murcia 
by the Moors. In the fifteenth century it was introduced into the Canary 
Islands by the Spaniards and to Madeira by the Portuguese, and tiience to 
t^e West India Islands and to Brazil. The Dutch began to make sugar in 
the island of St. Thomas in the year 1610 and in Jamaica in 1644. Its cul- 
ture has since become general in warm climates and its use universal. 

375. Saguerus saocharifer. — The arenga palm, which is of great value to the 
Malays. The black horsehair like fiber surrounding its leaf -stalks is made 
into cordage; a large amount of toddy or palm wine is obtained by cutting 
off the flower spikes, which, when inspissated, affords sugar, and when fer- 
mented a capital vinegar. Considerable quantities of inferior sago and sev- 
eral other products of minor importance are derived from this palm. 

876. Saous rumphh. — This palm produces the sago of commerce, which is prepared 

from the soft inner portion of the trunk. It is obtained by cutting the 
trunk into small pieces, which are split and the soft substance scooped out 
and pounded in water till the starchy substance separates and settles. Hiis 
is sago meal; but before being exported it is made into what is termed 
pearl sago. This is a Chinese proceeds, principally carried on at Sing&pore. 
The meal is washed, strained, and spread out to dry; it is then broken up, 
pounded, and sifted until it is of a regular size. Small quantities being 
then placed in bags, these are shaken about until it becomes granulated or 
pearled. 

877. Salvadora persica. — ^This is supposed to be the plant that produced the 

mustard seed spoken of in the Scriptures. 

878. Sandoricum indicum. — A tropical tree, sometimes called the Indian sandal 

tree, which produces a frmt like an apple, of agreeable acid flavor. The 
root of the tree has some medicinal value. 

879. Sanseviera guineensis. — Called the African bowstring hemp, from the flbers 

of the leaves being used for bowstrings. 

880. Santalum album.— Thip tree yields the true sandalwood of India. This fra- 

grant wood is in two colors, procured from the same tree; the yellow-colored 
wood is from the heart and the white-colored from the exterior, the latter 
not so fragrant. The Chinese manufacture it into musical instruments, 
small cabinets, boxes, and similar articles, which are insect proof. From 
shavings of the wood an essential oil is distilled, which is used in per- 
fumery. 

881. Sapindus saponaria.— The soapberry tree. The fruit of this plant is about 

the size of a large gooseberry, the outer covering or shell of which contains 
a saponaceous principle in sufficient abundance to produce a lather with 
water and is used as a substitute for soap. The seeds are hard, black, and 
round, and are used for making rosaries and necklaces, and at one time 
were covered for buttons. Oil is also extracted from the seeds and is known 
as soap oil. 

882. Sapium iNDiCfUM. — A widely distributed Asiatic tree which yields an acrid, 

milky juice, which, as aJso the leaves of the plant, furnishes a kind of dye. 
The fruit in its green state is acid, and is eaten as a condiment in Borneo. 

888. Sapota achras. — The fruit of this plant is known in the West Indies as the 
sapodilla plum. It is highly esteemed by the inhabitants; the bark of the 
tree is astringent and febrifugal; the seeds are aperient and diuretic. 

884. Sapota mulleri. — ^The bully or balata tree of British Guiana, which furnishes 

a gum somewhat intermediate between India rubber and gutta-percha, 
being nearly as elastic as the first without the brittleness and friability of 
the latter, and requiring a high temperature to melt or soften it. 

885. ScHiNUS MOLLE. — ^The root of this plant is used medicinally and the resin that 

exudes from the tree is employed to astringe the gums. The leaves are so 
filled with resinous fluid that when they are immersed in water it is ex- 
pelled with such violence as to have the appearance of spontaneous motion 
m consequence of the recoil. The fruits are of the size of pepper corns and 
are warm to the taste. The pulp surrounding the seeds is made into a kind 
of beverage by the Mexican Indians. The plant is sometimes called Mexi- 
can pepper. 
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;>S6. ScuoTiA spKf'iosA— A Small tree of South Africa called Boerboom at the Cape 
of Good Hope. The seeds or beans are cooked and eaten as food. The 
bark is used for tanning purpos.^s and as an astringent in medicine. 

o87. Seaforthia elegaxs. — Tliis palm is a native of the northern part of Australia, 
where it is utiliz ni by the natives. The seeds have a granular fibrous rind, 
and are spotted and marked like a nutmeg. 

D^S. Sei.aginella lepidophylla. — This sp?cies of club moss is found in southern 
California, and lias remarkable hygrometric qualities. Its natural growth 
is in circular roseate form, and fuUy expanded when the air is moist, but 
rolling up like a ball when it becomes dry. It remains green and acts in 
this peculiar manner for a long time after being gathered. Of late years 
nunioers have boon distributed throughout the country under the names of 
** R')se of Jericho" and " Resurrection Plant." This is, however, quite dis- 
tinct from the true Rose of Jericho, Anastatica hierochuntina, a native of 
the Mediterran<»an region, from Syria to Algeria. This plant, when grow- 
ing and in flower, has branches spread rigidly, but when the seed ripens 
the leaves wither, and the whole plant becomes dry, each little branch 
curling inward until the plant appears like a small ball; *it soon becomes 
loosened from the soil, and is carried by the winds over the dry plains, and 
is often blown into the sea, where it at once expands. It retains this 
• property of exj)'iuding when moistened for at least ten years. 

o J9. Semecarpus anac ardium. — The marking nut tree of India. Thelhick, fleshy 
receptacle bearing the fruit is of a yellow color when ripe, and is roasted 
and eaten. The unripe fruit is employed in making a kind of ink. The 
hard shell of the fruit is permeated by a corrosive juice, which is used on 
external bruises and for destroying warts. The juice, when mixed with 
quick-lime, is used to mark cotton or linen with an indelible mark. When 
dry it forms a dark varnish, and among other purposes it is employed, 
mixed with pitch and tar, in the calking of ships. The seeds, called 
Malacca beans, or marsh nuts, are eaten, and are said to stimulate the 
mental powers, and especially the memory; and finally they furnish an oil 
used in painting. 

390. Serissa fcetida. — ^A cinchonaceous shrub, having strong astringent properties. 

The roots are employed in cases of diarrhea, also in -ophthalmia and 
certain forms of ulcers. It is a native of Japan and China. 

391. Shorea robust a. — This tree produces the Saul wood of India, which has a 

very high reputation, and is extensively employed for all engineering pur- 
poses where great strength and toughness are requisite. It is stronger and 
much heavier than teak. An oil is obtained from the seeds, and a resin 
similar to Dammar resin is likewise obtained from the tree. 

392. SiDA PUiiCHELLA. — A plant of the mallow family; the bark contains fibrous 

tissues available for the manufacture of cordage. The root of S, acuta is 
esteemed by the Hindoos as a medicine, and particularly as a remedy for 
snake bites. The light wood of these species is used to make rocket sticks. 

893. Sim ABA cedron. — A native of New Grenada, where it attains the size of a 
small tree, and bears a large fruit containing one seed; this seed, which 
looks like a blanched almond, is known in commerce as the cedron. As a 
remedy for snake bites it has been known from time immemorial in New 
Grenada. It is mentioned in the books of the seventeenth century. Recently 
it has obtained a reputation as a febrifuge, but its value as an antidote to the 
bites of snakes and scorpions is universally behoved, and the inhabitants 
carry a seed with them in all their joumeyings; if they happen to be bitten 
by any venomous reptile they scrape about two grains of the seed in brandy 
or water and apply it to the wound, at the same time taking a like dose 
internally. This neutralizes the most dangerous poisons. 

394. SiMARUBA OFFICINALIS. — ^This tree yields the drug known as Simaruba bark, 

which is, strictly speaking, the rind of the root. It is a bitter tonic. It is 
known in the West Indies as the mountain damson. 

395. SiPHONiA ELASTICA. — The South American rubber plant, from which a great 

portion of the caoutchouc of commerce is obtained. There are several 
species of siphonia which, equally with the above, furnish the India 
rubber exported from Para. The caoutchouc exists in the tree in the form 
of a thin, white milk, which exudes from incisions made in the trunk, and 
is poured over molds, which were formerly shaped like jars, bottles, or 
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shoes, hence often called bottle rubber. As it dries, the coatings of milky 
juice are repeated until the required thickness is obtained, and the clay 
mold removed. It belongs to the extensive family Euphorbiaceos, 

396. Smilax medica. — ^This plant yields Mexican sarsaparilla, so called to distin- 

guish it from the many other kinds of this drug. The plant is a climber, 
similar to the smilax of our woods. 

397. Spondias mombin. — This yields an eatable fruit called hog plum in the West 

Indies. The taste is said to be peculiar, and not very agreeable tostrangei's. 
It is chiefly used to fatten swine. The fruit is laxative, the leaves as- 
tringent, and the seeds possess poisonous qualities. The flower budfi are 
used as a sweetmeat witn sugar. 

398. Strelitzia regina. — A plant of the Musa or banana family. The flowers are 

very beautiful for the genus. It is a native of the Cape of Grood Hope. 
The seeds are gathered and eaten by the Kaiflrs. 

399. Strychnos nux vomica. — ^This is a native of the Coromandel coast and 

Cochin-China. It bears an orange-like fruit, containing seeds that have 
an intensely bitter taste, owing to the presence of two most energetic poi- 
sons, strychnine and brucine. The pulp surrounding the seeds is said to be 
harmless, and greedily eaten by birds. The wood of the plant is hard and 
bitter, and possesses similar properties to the seeds, but in a less degree. It 
is used in India in intermittent fevers and in cases of snake bites. S. tiente 
is a Java shrub, the iuice of which is used in poisoning ariows. S. toxir 
fera yields a frightful poison called Ourari or Wourari, employed by the 
natives of Guiana. This is considered to be the most potent sedative in 
nature. Several species of Strychnos are considered infallible remedies for 
snake bites; hence are known as snake wood. S. pseudo-quina, a native of 
Brazil, yields Colpache bark, which is much used in that country in cases of 
fever, and is considered equal to quinine in value. It does not contain 
strychnine, and its fruits aro edible. S, potatorum furnishes seeds known 
in India as clearing-nuts, on account of their use in clearing muddy water, 
St. Ignatius beans are supposed tj be yielded by a species of Strychnos, 
from the quantity of strychnine contained in the seeds. 

400. SwiETENiA MAHAGONI. — This South American plant furnishes the timber 

known in commerce as mahogany. The barlj is considered a febrifuge, 
and the seeds prepared with oil were used by the ancient Aztecs as a cos- 
metic. The tunber is well known, and much used in the manufacture of 
furniture. 

401. Tacca pinnatifida. — This is sometimes called South Sea arrowroot. The 

tubers contain a ^reat amount of starch, which :s obtained by rasping 
them and maceratmg four or five days in water, when the fecula separates 
in the same manner as sago. It is largely used as an article of diet 
throughout the tropics, and is a favorite ingredient for puddings and cakes. 

403. Tamarindus indica.— The tamarind tree. There are two varieties of this 
species. The East Indian variety has long pods, with six to twelve seeds. 
The variety cultivated in the West Indies has shorter pods, containing one 
to four seeds. Tamarinds owe their grateful acidity to the presence of 
citric, tartaric, and other vegetable acids. The pulp mixed with salt is 
used for a liniment by the Creoles of the Mauritius. Every part of the 
plant has had medicinal virtues ascribed to it. Fish pickled with tama- 
rinds are considered a great delicacy. It is said that the acid moisture 
exhaled by the leaves injures the cloth of tents that remain under them 
for any length of time. It is also considered unsafe to sleep under the 
trees. 

403. Tanghinia vbnbnifera. — This plant is a native of Madagascar, and of the 

family Apocynacece, Formerly, when the custom of tnal by ordeal was 
more prevalent than now, the seeds of this plant were in great repute, and 
unlimited confidence was placed in the poisonous seeds as a detector of 
guilt. The seeds were pounded, and a small piece swallowed by each per- 
son to be tried; those in whom it caused vomiting were allowed to escape, 
but when it was retained in the stomach, it would quickly prove fatal, and 
their guilt was thus held to be proven. 

404. Tasmannia aromatica. — ^The bark of this plant possesses aromatic qualities, 

closely resembling Winter s bark. The small black fruits are used as a 
substitute for pepper. 
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405. TBCfTONA ORANDis. — ^The teak tree. Teak wood has been extenBively employed 

for shipbuilding in the construction of merchant vessels and ships of war; 
its great stren^h and durability, the facility with which it can oe worked, 
and its freedom from injurjr by fungi, rendering it peculiarly suitable for 
tiiese purposes. It is a native of the East India Islands, and belongs to the 
order VerbenacecB, 

406. I^ERMIN ALI A OATAPPA. — The astri ngent fruits of this tropical plant are employed 

for tanning and dyeing, and are sometimes met with in commerce under 
the name of myrobalans, and used by calico printers for the production of 
a permanent black. The seeds are like almonds in shape and whiteness, 
but, although palatable, have a peculiar flavor. 

407. Tbtranthera laubifolia. — ^This plant is widely dispersed over tropical Asia 

and the islands of the Eastern ArchipeWo. Its leaves and young branches 
abound in a viscid juice, and in Cochin-China the natives bruise and mace- 
rate them until this becomes glutinous, when it is used for mixing with 
plaster, to thicken and render it more adhesive and durable. Its fruits 
yield a solid fat, used for making candles, although it has a most disagree- 
able odor. 

408. The A vmiDis. — This is the China tea plant, whose native country is undeter- 

mined. All kinds and grades of the teas of conmierce are made from 
this species, although probably it has some varieties. 61a« k and green 
teas are the result of different modes of preparation; very aiuch of the 
green, however, is artificial'y colored to suit tne foreign trade. The finest 
teas do not reach this country; they will not bear a sea voyage, and are 
used only by the wealthy classes in China and Russia. The active princi- 
ples of the leaves are theine and a volatile oil, to which latter the flavor and 
odor are due. So far as climate is concerned for the existence of the tea 

Elant in the United States, it will stand in the open air without injury 
rom Vu'ginia southwards. A zero frost will not kill it But with regard 
to its production as a profltable crop, the rainfall in no portion of the States 
is sufficient to warrant any attempt to cultivate the plant fv r commercial 
purposes. But this does not prevent its culture as a domestic article, and 
many hundreds of families thus prepare all the tea they require, from 
plants it may be from the pleasure ground or lawn, where the plant forms 
one of the biest ornaments. 

409. Theobroma cacao. — This plant produces the well-known p*f^!y>, or chocolate, 

and is very extensively cultivated in South America # ./^^® West India 
Islands. The fruit, which is about 8 to 10 inches ifr .mgth by 3 to 5 in 
breadth,contains between fifty and a hundred seeds, and from these the cacao 
is prepared. As an article of food it contains a large amount of nutritive 
matter, about 50 per cent being fat. It contains a peculiar principle, 
which is called theobromine. 

410. Theophrasta jussi^i. — A native of St. Domingo, where it is sometimes 

called Le petit Coca. The fruit is succulent, and bread is made from the 
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411. Thespesia POPULNEA. — A tropical tree, belonging to the mallo-* family. The 

inner bark of the young branches yields a tough fiber, fit foi cordage, and 
used in Demerara for making coffee bags, and the finer pieces of it for cigar 
envelopes. The wood is considered almost indestructible imder water, and 
its hardness and durability render it valuable for various purposes. The 
flower buds and unripe fruits yield a viscid yellow juice, i seful as a dye, 
and a thick, deep, red-colored oil is expressed &om me see s. 

412. Thevetia neriifolia. — This shrubby plant is common in .e West Indies 

and in many parts of Central America. Its bark abound in a poisonous 
milky juice, and is said to possess powerful properties. 4. clear, bright, 
yellow-colored oil, called Exile oil, is obtained, by exprtjssion, from the 
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413. Thrinax arqentea. — This beautiful palm is called the Silver Thatch palm 

of Jamaica, and is said to yield the leaves so extensively ised in the manu- 
facture of hats, baskets, and other articles. It is also a r^tive of Panama* 
where it is called the broom palm, its leaves being there ide into brooms. 

414. TiLLANDSiA ZEBRiNA. — A South American plant of the pine<ipple family; the 

bottle-like cavity at the base o^ the leaves will sometimes contain a pint cit 
more of water, and has frequently furnished a grateful drink to thirsty 
travelers. 
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415. TiNOSPORA CORDIFOLIA. — A climbing plant, so tenacidus of life that when 

the stem is cut across or broken, a rootlet is speedily sent down from above, 
which continues to grow until it reaches the ground. A bitter principle, 
calumbine^ pervades the plant. An extract called galuncha is prepared 
from it, considered to be a specific for the bites of posionous insects and for 
ulcers. The young shoots are used as emetics. 

416. Teiphasia trifoliata. — A Chinese shrub, with fruit about the size of hazel- 

nuts, red-skinned, and of an agreeable sweet taste; when green, they have 
a strong flavor of turpentine, and the pulp is very sticky. They are also 
presei-ved whole in sirup, and are sometimes called limeberries. 

417. Tristania nerifolia. — A myrtaceous plant from Australia, called the tur- 

pentine tree, owing to its furnishing a fluid resembling that product. 

418. Urceola elastica. — A plant belonging to the ApocynaceoRy a native of the 

islands of Borneo and Sumatra, where its milky juice, collected by making 
incisions in its soft, thick, rugged bark, or by cutting the trunk into junks, 
forms one of the kinds of caoutchouc called juitawan, but it is inferior to 
the South American, chiefly owing to want of care in its preparation, the 
milky juice being simply coagulated by mixing with salt water, instead of 
being gradually inspissated in layers on a mold. The fruit contains a pulp 
which is much eaten by the natives. 

419. Urena lobata. — ^A malvaceous plant, possessing mucilaginous properties, for 

which '% is used medicinally. The bark affords an abundance of fiber, re- 
semblf Tjg jute rather than flax or hemp. 

420. UvARiA ODORATissiMA. — ^An Indian plant which is supposed to yield the essen- 

tial oil called Ylang-Ylang, or Alan-gilan. This oil is obtained by distillation 
from the flowers, and is highly esteemed by perfumers, having an exquisite 
odor partaking of the jasmine and lilac. 

421. Vangueria eduus. — A cinchonaceous plant, the fruits of which are eaten in 

Madagascar under the name of Voa-vanga. The leaves are used in medi- 
cine. 1. 

422. Vanilla 3.iiANiF0LL/L. — The vanilla plant, which belongs to the orchid family. 

The fruit is used by confectioners and others for flavoring creams, liquors, 
and chocolates. There are several species, but this gives the finest fruit. It 
is a climbing orchid, and is allowed to climb on trees when cultivated for its 
fruit. In Mexico, from whence is procured a large portion of the fruit, it 
is culti^^<*d in certain favorable localities near the Gulf coast, where the 
climate it nn. Much of the value of the bean depends upon the process 
of its prep. Jon for the market. In Mexico, where much care is given to 
this process, the pods are gathered before they are fuUy ripe and placed in 
a heap, under protection from the weather, until they begin to shrivel, when 
they are submitted to a sweating process by wrapping them in blankets in- 
closed in tight boxes; afterwards they are exposed to the sun. They are 
then tied into bundles or small bales, which are first wrapped in woolen 
blankets, then in a coating of banana leaves first sprinkled with water, then 
placed in an oven heated up to about 140° F. Here they remain for twenty- 
four to ^orty-eight hours, according to the size of the pods, the largest re- 
quiring^the longest time. After this heating they are exposed to the sun 
daily foT.fifty or sixty days, until they are thoroughly dried and ready for 
the market. 

423. Vateria iNblCA. — ^This plant yields a useful gum resin, called Indian copal, 

piney varnish, white dammar, or gumaniae. The resin is procured by cut- 
ting a ndech in tbe tree, so that the juice may flow out and become hardened. 
It is usee^s a varnish for pictures, carriages, etc. On the Malabar coast it 
is manurCj^ctured into candles, which bum with a clear light and an agree- 
able fragiAnce. The Portuguese employ this resin instead of incense. Orna- 
ments ar(£ fashioned from it under the name of amber. It is also employed 
in mediciae. 

424. Weinmannia racemosa. — A New Zealand tree called Towhia by the natives 

of that country. Its bark is used for tanning purposes, and as a red and 
brown dyesr which give fast colors upon cotton fabrics. 

425. Wrightia tt^Idtoria.— The leaves of this plant furnish an iiiferior kind of in- 

digo. Tl§^J^ood is beautifully white, close-grained, and ivory-hke, and is 
much WBemriar making Indian toys. 

426. Xanthorrhcea arborea. — The grass gum tree of Australia, also called black 

boy. This is a liliaceous plant, which produces a long flower- stalk, bear- 
ing at the top an immense cylindrical flower-spike, and when the short 
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black stem is denuded of leaves, the plants look very like black men hold- 
ing spears. The leaves afford good fodder for cattle, and the tender whita 
center is used as a vegetable. A fragrant resin, called acaroid resin, is ob- 
tained from it. I 

427. XiMENiA AMBBICANA.~A Small tree, found in many warm regions; among 

others in southern Florida. In Brazil it is called the Native Plum on 
account of its small yellow fruits, which have a subacid and somewbit 
astringent aromatic taste. The wood is odoriferous and is used in the West 
Indies as a substitute for sandalwood. 

428. Yucca alcefolia. — ^The yucca leaves afford a good fiber, and some southern 

species are known as oear'8 grass. The root stems also furnish a starch; 
matter, which has been rendered useful in the manufacture of staicL 

420. Zamia furfuracea. — This plant belongs to the order Cycadeacem, and n 
^own to some extent for the starchy matter contained in the stem, which 
IS collected and used as arrowroot; but it is not the true arrowroot, that 
being produced by a species of Maranta. 

430. Zahia ikteorifolia. — The coontie plant of Florida. The large soccnlent 

roots afford a quantity of arrowroot, said to be equal to the best of that 
from Bermuda. The fruit has a coating of an &range-coIored pulp, which 
is said to form a rich edible food. It was from the roots of this plant tlut 
the Seminoles of Florida obtained their white meal. 

431. Zingiber officinale. — ^This plant is cultivated in most warm countries for 

the sake of its rhizomes, which furnish the spice called ginger . It is pre- 
pared by digging up the roots when a year old, scraping them, and drpg 
them in the sun. Ginger, when broken across, shows a number of nttle 
fibers embedded in floury tissue. Its hot pungent taste is due to a vohitile 
oil. It also contains starch and yellow coloring matter. Ginger is used 
for various medicinal purposes, and in many ways as a condiment, and in 
the preparation of cordiab and so-called teas. 
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PAPERS ON HORTICULTURAL AND KINDRED SUBJECTS. 



LANDSCAPE GARDENING. 

Landscape gardeDing is a comprehensive art, combining the genius 
of the landscape painter with the art of the practical gardener ; the 
exact knowledge of the engineer with the poetical imagination of the 
artist. The professor of this art should also possess a competent knowl- 
edge of the general principles of botany, architecture, geology, hydrau- 
lics, hydrostatics, mechanics, laws of heat and ventilation, horticulture, 
and vegetable physiology. This may seem rather a formidable array 
of acquirements, but in the multifarious details of selecting and arrang- 
ing the style and location of rural residences and their accompanying 
domestic auxiliary structures } the drainage of lands ; the location and 
construction of roads ; the preparation of garden sites and the erection 
of horticultural buildings ; the decoration of grounds for the purposes 
of beautifying the surroundings of rural homesteads, the more ambitious 
suburban villas, and public buildings of every description ; and the 
artistic disposition of arborescent growths, so as to produce the most 
varied yet distinct beauties of which the scenery is susceptible, neces- 
sitate a knowledge more or less intimate and extensive with these as 
well as with other branches of science. 

During the last twenty years much attention has been given to land- 
scape gardening, both in the laying out of private grounds and in the 
design and construction of public parks. Some of the latter are de- 
serving of the highest commendation, both in design and execution, 
and have been the means of instructing and familiarizing the public 
with the capabilities and beauties of the art, and in educating the pop- 
ular taste to an appreciation of the development of rural improvements 
and their beneficial eftects upon the moral and physical condition of 
society. 

It can not be too forcibly urged upon the attention of those who are 
intrusted with educational institutions that one of the most certain 
means of encouraging a desire for studies in natural history, and form- 
ing correct principles of taste in young minds, is that of landscape em- 
bellishments of school houses and college grounds. This has become 
one of the greatest wants in existing systems of education and can not 
long remain neglected. 

7 



8 

It is not proposed to offer a treatise on landscape gardening, bat 
rather to allude briefly to some of the more prominent points and sub- 
jects that will naturally arise for consideration in the location of resi- 
deno^.and pablic.biiild4ngs,'and in the arrangement of the principal 
accesisories and- dia'eii^eutiou of various details connected with rural 
improYementSi- ^ . . 

GASDENIl^a AND CIVILIZATION. 

Gardens are of the most remote antiquity. Our first parents were 
placed in a garden, and the writings of the oldest historians and poets 
contain various descriptions and traditions concerning the extraordi- 
nary beauty of the gardens. History proves that a taste for gardeniug 
has kept pace with the progress of civilization, and that it has always 
exerted a powerful influence upon the passions and feelings of mankind. 
Much of the decorative beauty of architecture has resulted from study 
of the combinations and graceful lines of the vegetable kingdom. Two 
thousand years before the Ohristian era Lydia was famed for its gar- 
dens. The gardens of Babylon are traditionally ranked among the 
greatest successful combinations of skill 9>nd wealth. The Persian 
kings were very partial to gardens, which were cultivated as much for 
their beauty as for their fruit, and even in gardens of limited extent 
the trees were arranged in regular lines and figures, and the walks bor- 
dered with tufts of roses, violets, and other odoriferous plants. The 
Greeks copied from the Persians, both in their gardening and their 
architecture. Epicurus took great delight in his garden, and there 
taught his philosophy. The Greeks excelled in architecture more than 
in gardening, although a public park or garden was planted by Cimon, 
the general, at Athens, furnished with streams of water and supplied 
with shady groves, with gymnasia and places for exercise. They had 
flower markets which were well patronized, and learned or distinguished 
men wore crowns of flowers, and successful warriors were decorated 
with wreaths and garlands. Their garden decorations partook largely 
of statuary and other architectural appendages. 

The Romans devoted much of their wealth to the adornment of their 
gardens and pleasure parks. Lucullns seems to have had large ideas 
of magnificent expenditures in this direction, being represented as hav- 
ing sumptuous villas in different parts of Italy, so that he could enjoy an 
agreeable climate every month in the year. Cicero had fine plantations 
at his Arpinum villa. Sallust, who made a fortune in the government 
of Numidia, devoted largely of his means to the laying out of gardens 
which were for a long period the pride of Borne. Pliny's villa appears 
to have been laid out with more taste and less of ostentatious display 
than some others, since the pastoral beauty of his grounds is highly 
praised. It is apparent, however, that the principal features of orna- 
mentation were derived from vases, fountains, and similar works of art 
that bore the resemblance of wealth, and were at once objects that con- 



veyed impressions of grandeur and magnificence, without necessitat- 
ing patient waiting for effects produced by artificial plantations, which 
require time for their development and a higher appreciative taste for 
their enjoyment. 

The Romans also devoted much attention to culinary vegetation, and 
carried their knowledge of science and the arts into such countries as 
they colonized, so that a great degree of wealth and enlightened pros- 
perity accompanied their footsteps to an extent that the world has 
rarely seen equaled. 

With the reign of the emperors commenced the decline of the empire. 
1?he reign of barbarism was triumphant, and the finest palaces, coun- 
try houses, and gardens were destroyed. For five centuries the monks 
were almost the only class who cultivated gardens and kept alive the 
culture of fruits, vegetables, fiowers, and medicinal herbs during the 
dark ages. To them we are indebted for the preserving and handing 
down of the arts of gardening and architecture. 

It was not until the middle of the fifteenth century that the arts of 
peace and commerce were so prosperous as to awaken a love for the fine 
arts ; and the examples of former grandeur that still remained, together 
with traditions of ancient magnificence, stirred up a desire of imita- 
tion, and Italian gardening attained a perfection and standing that are 
still recognized and distinguished among rural improvements. 

STYLES OF LANDSCAPE OARDENINa. 

There are two very distinct modes of laying out grounds, known as 
the geometrical and the natural. Various terms have been used from 
time to time by descriptive writers on these subjects to designate styles, 
but they are all easily referred to one or the other of these modes. 
Under the geometrical may be placed the formal, Roman, architectural, 
and ancient, as well as the Italian, French, and Dutch varieties of this 
style. Under the natural we may, in a similar manner, place the gar- 
denesque, modern, irregular, English, and graceful. 

A third style is commonly included, but has never been very suc- 
cessfully defined, either practically or hypothetically ; that is, the pic- 
turesque. The former two are suflSciently comprehensive for the pres- 
ent purpose. 

THE GEOMETRICAL STYLE. 

In the earlier ages of the world the possessor of wealth exhibited 
his riches by surrounding his residence with such improvements as were 
most distinctive from the common scenery of the country. Hence gar- 
dens were ornamented with ballustraded terraces of massive masonry, 
magnificent flights of steps, elaborately decorated arcades, costly foun- 
tains, architectural grottoes, and lofty, clipped hedges arranged with 
niches and recesses for the display of statuary. His less wealthy 
neighbor contented himself by substituting a sloped grass bank for the 
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stone terrace, shaped his small lake in a square or circular form, and 
clipped his trees and shrubs into fantastic shapes, aiming at ostentation 
without regard either to propriety or good taste. 

Such a^style is well fitted for immediately producing startling if not 
grand effects; and daring early stages of society, and in countries 
abounding with the irregular and natural forms of uncultivated scenery, 
distinction is at once imparted by introducing perfectly level or regu- 
larly sloping surfaces of ground, trees planted at uniform distances 
apart, and lakes or ponds bounded by geometrical lines, so as to leave 
no chance of mistaking any portion of the scene as having been the re- 
sult of unassisted arrangement, but unmistakably conveying the impres- 
sion of a display of wealth and refinement, and to indicate ownership 
by distinguishing the country residence from the natural, uninclosed, 
rude scenery of the neighborhood. 

In the strictly geometrical style everything is architecturally accu- 
rate in its lines, perfect symmetry pervades the whole, and all parts 
are equally balanced. Statuary of all kinds, fountains, steps, ballus- 
ters, and pediments, broad walks, straight-planted avenues, formal- 
shaped flower beds, all belong to this species of garden and landscape 
decoration. 

THE NATTTRAL STYLE. 

In the geometrical style the hand of the artist is evident in every 
detail; but in the natural style artificial interference is not so couspic- 
uoasly apparent. In the disposition of the material used for the devel- 
opment of landscape views and scenic effects there is nothing, so far as 
general impressions are concerned, to indicate where the hand of the 
improver has been operating, or anything appearing beyond a natural 
production, or what may be indigenous to the locality. All natural 
beauties are carefully preserved so far as is consistent with objects of 
use or convenience, and the element of utility enters more largely, per- 
haps, into our ideas of the beautiful in this than in the geometrical 
style ; and while there is no desire to avoid the appearance of art iu 
operative details, it is not rendered obtrusive, and the effects produced 
need not suggest the idea of painful and laborious operations. 

The perception of the beauty ought to be the first impression, and not 
that of the art by which it has been produced. The beauties of nature 
are imitated in the disposition of trees and shrubs, and, so far as gen- 
eral scenic effect is concerned, the arrangement might be taken for a 
natural group ; yet a close examination of details will lead to the dis- 
covery that the plants employed are not indigenous to the locality, 
and thus art and design will be recognized. So also in a district where 
evergreen trees do not exist in the surrounding natural woods their in- 
troduction in the scenery will at once convey the impression of an arti- 
ficial plantation, so far as regards the materials of which it is com- 
posed. While therefore the general effects produced in this style are 
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similar to those with which we are familiar in natural scenery, the de- 
tails are dictated by convenience, utility, and adaptibility to the end 
in view. 

A neglected footpath seen in the distance, curving gracefully around 
the sides of a hill or on the banks of a stream, now embracing a thicket 
of trees and undergrowth, and lost in a maze of tangled vines, then 
emerging and tracing across the meadow, alternately widening and 
narrowing, and at times altogether lost in the massive foliage of graf^ses 
and other n'atural growths, is what might truly be termed a natural 
path. Let it be trimmed and widened, however, its surface neatly ad- 
justed and covered with gravel, its curves well defined, and its sides 
made perfectly parallel, and it will have lost much of its beauty as a 
natural woodland path, although the contiguous scenery has not been 
disturbed nor in any degree impaired. It is now invested with the 
beauty of utility, and however much we may have admired it in its 
original condition, yet for comfort as a dry and convenient walk we 
greatly prefer its improved condition ; and in addition to the charms 
associated with its position, it has those of adaptability and fitness to 
the end in view. 

CHOOSINa A LOCATION FOB BUILDINGS AND aROUNDS. 

In choosing a location one of the first considerations is that of access 
to and egress from a city, and if daily intercourse is contemplated, it 
becomes a question of special interest. The time, trouble, and expense 
of travel on bad roads are a severe tax upon country pleasures. A 
drive of half an hour on a hard road during a fine summer evening is 
a recreative pleasure which may not be appreciated when an hour and 
a half are spent on the same distance during a stormy winter morning, 
A good road in dry weather may become very indifferent after rains. 
and be impassable for three-fourths of the year. 

In these days of railroads and steamboats it is difficult to indicate 
what might be considered a convenient distance from the city. Upon 
a well-managed railroad a distance of 20 miles may be more accessible 
than 2 miles upon a common road. Proximity to a railroad station will 
always secure a certainty of convenient transit, even allowing the dis- 
tance to be within an easy carriage drive. This facility should not be 
overlooked when it can be secured* 

Healthiness of locality is of paramount importance. Low, flat lands 
are generally damp and cold, and should never be selected for tlfe habi- 
tation of man or beast, if there is any choice in the matter. Valleys, 
or even depressions, are equally unsuitable. The air after sunset is 
always dense in such places, dews are heavier and more frequent, and, 
as a consequence, frosts are more prevalent than on elevations. Fogs 
are more frequent on low lands. The extremes of temperature are also 
greater, especially if surrounded by forests, which prevent the free 
circulation and equalizing influence of winds. Wide and long valleys, 
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between aniform hills are frequently subjected to sweeping blasts. 
Even the vicinity of such localities ought to be avoided. A person may 
drain, cultivate, and otherwise improve his property, and still be sab- 
jected to the injurious influences of unimproved lauds over which he has 
no control. 

An elevated situation is generally healthy. The extent of prospect 
it secures is also an advantage; yet it is not well to place too great a 
value on distant views. For permanent residence the exposure of ele- 
vation is a disadvantage. Though cool, airy, and agreeable in summer, 
they may be bleak, chilly, and exceedingly uncomfortable during win- 
ter. The tender and delicate varieties of flowers and shrubbery, as 
well as fruits and culinary products, are less likely to flourish when 
fully exposed to cold and unbroken winds. 

SELECTINa A BUILDINa SITE. 

This is too commonly settled by selecting the highest point of the 
ground, but not always wisely. A modern house set up on a sharp 
knoll has an isolated appearance which is not readily altered or im- 
proved by trees, and it is with difficulty approached by roads, if the 
grounds slope suddenly from it. 

A somewhat level plateau, partially surrounded by higher ground, 
forms a goo<l position for a dwelling house. The ground should fall 
from it in all directions, more rapidly in front than back, where the 
descent may be merely sufficient for drainage. Back of the house, 
positions should be selected for the vegetable garden, stables, and other 
buildings, such as greenhouses and graperies, all of which will be shel- 
tered and protected by the higher ground beyond. 

The nature of the soil should receive attention in selecting a spot for 
a house. Clay soils are retentive of water, and, even when artificially 
drained, the surface is disagreeable after rains. Clay, in contact with 
foundation walls, keeps them damp and cold. The expansion of clay 
when wet, and shrinkage when dry, unfit it for a safe foundation. It 
every other condition is secured in a site, art can do much towards 
ameliorating the physical qualities of the soil ; but, for all the purpoKses 
of human comfort and enjoyment, in the immediate vicinity of a house, 
a light, open, porous soil is decidedly the best. 

It is always desirable to secure the beauty and utility of a natural 
plantation ; but to select the site for a mansion in the center of a grove 
of old trees, with the intention of making them a nucleus for future 
landscape effect, will generally prove unsatisfactory. In natural forests 
the trees grow too closely together ; their trunks are long, slender, and 
destitute of branches; and if thinning is attempted, those that are left 
seldom flourish for any length of time. If the thinning out is gradual, 
and the best of the remaining trees are judiciously pruned, they may 
ultimately recover and make a satisfactory appearance. 
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Where old trees abound it is difficult to prepare or keep a good lawn 
or introduce new shrubs or flowers. The roots of the trees prevent 
thoroagh renovation of the soil and the shade of their branches inter- 
feres with the growth of plants. There is a steady antagonism between 
the old and the new, both with regard to individual growth and laud- 
scape effect, until either the one or the other predominates. It is no 
matter of doubt or uncertainty, but a settled question with all who have 
my experience in remodeling or adapting old woods or groves to modern 
improvements, that it is measurably better to commence on a treeless, 
naked field ; as a judicious selection and intermixture of fast- growing 
trees, properly planted in good soil, will in a few years serve all useful 
purposes, produce such effects as are contemplated, and give far more 
satisfaction than can be derived from the accidental position and growth 
of natural forests, at least so far as relates to improvements in the im- 
mediate vicinity of a rural residence. 

PLAN OF IMPROVEMENTS. 

The grounds being secured and the site fixed upon for the house, the 
next step is to prepare a well-defined working plan for contemplated 
improvements, and this is of equal importance whether the grounds 
are extensive or quite limited. To strike out the rude and simple out- 
lines of an arrangement for the various accessories and conveniences 
of a country residence requires a mind thoroughly Imbued with the 
principles of taste and conversant with the application of art to the 
development of beauty ; and, although we admit that every individual 
best knows what will meet his ideas of comfort and convenience in the 
abstract, there are few who can tell all the details or satisfactorily in- 
troduce and fit all the disjointed parts so as to produce a complete 
whole. 

As it is wisdom on the part of those who are about building a house 
to enlist the services of a competent architect, so it is essential to con- 
sult with a landscape artist m the preparation of a plan for the improve- 
ment of the grounds ; as to what trees to plant and where to plant 
them ; the proper introduction and construction of roads and walks ; 
locating and erecting barns, stables, glass houses, and other buildings; 
selecting and preparing the soil for vegetable and fruit gardens; making 
lawns, and the numerous details that are involved in perfecting all the 
indispensable, useful, and ornamental adjuncts to a suburban house and 
grounds. 

All plans should be definite and simple as possible, and not over- 
loaded with mechanical embellishments, as an excess in this respect 
generally indicates a deficiency in more important particulars. They 
should be accompanied with ample references, where each tree and the 
most important shrubs should be distinctly named and referred to 
numbers on the plan. Intelligible reasons should be given for every- 
thing proposed, both with reference to immediate and to future effect. 
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with clear instmctions and saggestions with regard to the operatioDs 
proposed, and the relative order in which they should be conducted. 
It may be taken as a rule that no proprietor should undertake improve- 
ments until he sees clearly the objects and intentions of the design or 
plan ; and if this information can not be conyeyed by inspection^ and 
explanation, it is a strong presumptive evidence of defect either in the 
design or in the explanation, or in both. 

In transferring designs to the ground, the most correct and speedy 
method is to divide the plan into squares by lines drawn on it in both 
directions, the side of the square being of any length that will best 
serve the purposes of accuracy. Squares of GO feet for the side will 
be found a convenient length ; but in intricate designs, such as those 
for flower gardens, squares of 30 feet, or even shorter, may be nec- 
essary. The ground, or space to be operated upon, is to be divided 
into squares of the same size, and a stake set firmly at each point of 
intersection of the lines, and numbered to correspond with the num- 
bers on the plan. A still more distinctive method is to use numbers 
for one direction and letters for the other; each stake will then be 
marked with a number and a letter. The plan and grounds being thus 
prepared, the placing of a tree, 6r the laying down of a walk, or any 
other object, can be executed with the greatest facility. It also ena- 
bles the work to be commenced at any point, and a short practice will 
enable any one, by looking at its position in the square on the plan, to 
place a tree in its relative position in the square on the ground, with- 
out having recourse to exact measurements. A plan carefully prepared 
with references, and accurate to a scale, may thus be transferred to the 
ground by any person capable of reading letters and figures. 

ARRANGEMENT OF OUTBUILDINGS, STABLES, ETC. 

The selection of sites for the various buildings required near a coun- 
try or suburban residence is second in importance only to the selection 
of a site for the mansion. Convenience dictates that these buildings 
should be as near the house as is practically consistent with their ob- 
jects and character. The dwelling house will, of course, occupy the best 
and most advantageous position, and its superior size and style of arch- 
itecture will always be such as to render all other necessary structures 
of secondary and subordinate appearance. Such buildings as stables 
and icehouses are so obviously necessary to domestic comfort that their 
presence is not only expected, but their absence conveys an impression 
of poverty or incompleteness altogether inconsistant with our ideas of 
what a country home should be. 

Instead, therefore, of endeavoring to entirely conceal these structures 
by plantations and other expedients, as is frequently advised, they 
should be located on the most eligible sites, and display in their archi- 
tectural details and ornaments an expression of the purposes for which 
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tbey are intended, and be jadiciously exposed to view without rendering 
conspicuous the operations necessarily connected with the structure. 

The best location for these buildings will be governed to some extent 
by local circumstances; but, where there are no grades, views, or other 
exceptional features to interfere with the selection, a point in a north- 
east direction from the house will combine the greatest number of ad- 
vantages. 

While the stables and other farm buildings should not be entirely 
hidden from view at certain points, at the same time it will be obvious 
that a due amount of privacy in and about the buildings themselves, as 
well as in the line of view from the dwelling house, will be essential, 
and can readily be effected by the introduction of trees and shrubs at 
the points indicated. 

LA^TINa OUT EOADS AND WALKS. 

The guiding principle in designing the position of roads and walks is 
utility. Nature forms no roads. They are works of men and animals, 
and would undoubtedly always proceed in straight lines from point to 
poiut if obstructions of varioas kinds did not interfere and cause devia- 
tions. Necessity will therefore suggest where and how they should be 
introduced. So far as regards approaches and walks to and from build- 
ings, the object of their introduction is sufficiently apparent; but, in 
laying out pleasure grounds and lawn fronts, it is a common practice to 
introduce walks for the meye purpose of variety. This is a very ques- 
tionable reason at the best, and not always successfully accomplished ; 
bat even in cases of this kind they should appear to aim for some defi- 
nite object, or lead to points of sufficient importance to suggest their 
utility. 

Unnecessary roads and walks should be carefully avoided. They are 
expensive in their construction, if properly made, and require constant 
attention to keep them clean and in repair. Nothing looks so woebegone 
and poverty-stricken as a weedy, neglected road to a house, or walks 
through pleasure-grounds or garden. They detract much from the 
beauty of the surroundings, no matter how elaborate or intrinsically 
worthy they may be. An oversupply of roads and walks is always a 
serious infliction. 

The beauty of curved lines sometimes prompts to a deviation from 
the more available direct course ; and, where it can be done without 
too great sacrifice of utility, it is not objectionable. But no walk should 
be turned from its obvious direct course without an apparently suffi- 
cient reason. A change of level in the grounds, a tree, or a group of 
plants or other similar obstruction will induce, and seemingly demand, 
a change of line. 

There are many locations where the straight line should be preferred 
as a matter of taste in design. As a connecting link between the 
atrictly horizontal and perpendicular lines of a building, and the irreg- 
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niar sarfaces surrounding it, a perfectly straight walk is m the best 
taste and adds greatly to tl^e effect of the architecture, while a fre- 
quently curving walk detracts from it* So also a walk along the side 
of a straight boundary fence should not curve if both lines are visible 
at the same time. Most persons are aware of the great beauty of 
straight walks and avenues of trees ; and for public parks of lesser 
order, inclosed by formal outlines, they can always be introduced with 
great effect, as well as convenience, where curving walks would be the 
reverse. In this case beauty depends upon harmo ny rather than con 
trast, and more than either upon utility. 

When roads or walks are carried over irregular surfaces the natural 
turns and windings necessary to follow an easy or uniform grade and 
keep as near the original surface of the ground as possible will usually 
develop pleasing curves. A little studied attention in this matter of 
the course of a road will not only increase the beauty of curves by add- 
ing to them the grace of utility, but also deep and expensive cuttings, 
as well as heavy embankments, will be avoided, and easy grades and 
economical construction be more certainly secured. 

When it is necessary to branch a second road from the main line it 
should leave the latter at as nearly a right angle as convenient, and at 
the same time be somewhat narrower, so that its appearance may con- 
vey the proper idea of it being subordinate, and to avoid confusion and 
mistake; otherwise the roads leading to the stable, ice house, or gar- 
den may be mistaken for the road to the mansion. Under no circum- 
stances should walks be made conspicuous in views of natural scenery. 
If it is essentially necessary that a walk should cross a lawn where it 
would interrupt a continuity of view and destroy breadth of effect it 
should be sunk beneath the line of vision by placing it in a slight ex- 
cavation, which may be further assisted by throwing up a small mound 
on the side nearest the point of view. These expedients, as also that 
of planting thick groups of low-growing shrubs, will be effective and 
satisfactory if properly executed. 

In laying out curving roads it is not advisable to closely follow geo- 
metrical rules, or to set the curves out to any regular radius. This 
plan may occasionally prove perfectly satisfactory on a strictly level 
surface, bat it will have quite an opposite effect where the ground is 
greatly undulating. The curves, to be pleasing, must be " eye-sweet ''— 
not too sudden or abrupt — and properly blended at their points of 
junction. 

CONSTRUCTION OF BOADS AND WALKS. 



Yery much of personal comfort and pleasure in rural residences 
depends upon good roads. A smooth, firm, dry road is one of the great- 
est conveniences and enjoyments, while a rough, soft, muddy road is 
one of the greatest drawbacks and annoyances of country life. Bad- 
roads form the greatest obstacles to progress and permanent improve- 
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ments in all the neighborhoods that are blasted with their presence ; 
they have a demoralizing effect upon the inhabitants, and are a sure 
sign either of poverty or mismanagement, or both. 

Water is the worst enemy to good roads. It is therefore a leading 
principle in road-making so to construct them that they may be kept 
dry. In absence of a timely recognition of this principle many costly 
roads have proved to be failures ; but where it has had prominent rec- 
ognition and its value has been properly appreciated good roads have 
been made at a trifling expense. 

After locating the road and marking out its course, the sides should 
be brought to the proper grade and finished by a layer of sod as a guide 
to further operations. In crossing a sloping surface it is not neces- 
sary to have both sides perfectly level, but the nearer this can be se- 
cured, with due regard to getting rid of surface water, the better it 
will admit of a neat finish and the more easily will it be kept in repair. 

The roadbed is then formed by excavating and removing the soil to 
a depth of 6 inches at the sides, curving slightly higher in the cen- 
ter, and made perfectly smooth by rolling, producing a uniform surface 
upon which the material of the road is to be placed. 

The best stone for road metal is tough granite. Hard, brittle stone 
is more readily reduced by pressure, but in a well-kept road this differ- 
ence is not important. It is, however, all important that the stones 
should be broken small. The largest should pass easily through a 2- 
inch ring, and if one-half of them are small enough to pass through a 
ring of only 1 inch diameter the road will ultimately become all the 
more compact. 

The road should be filled with this broken stone to a level with the 
sides, increasing in depth towards the center at the rate of 1 inch to 
the yard. Thus a road 16 feet in width would have a depth of about 
9 inches in the center. The utmost care should be applied to regulating 
the Siurface, and the smaller stones should be used on top, in order to 
secure an even, compact, carefully molded grade, which should be com- 
pressed by repeatedly passing a heavy roller over it, wedging every 
stone and making the surface almost as smooth and solid as a pavement. 
A thin layer, not more than 1 inch in thickness, of fine clayey gravel 
should then be evenly distributed over the stones and the roller again 
applied until the surface becomes homogeneous, firm, and close. 

The surface of the road will thus be higher than the sodded edgings; 
water will therefore pass readily from it, and one of the main points of 
keeping a good road will be secured. 

This will form a first-class road for ordinary carriage drives, or for 
all purposes required in public'parks or private grounds; and if kept in 
good surface by frequent rolling, so as to prevent the forming of ruts 
while it is settling, and if a facing of gravel is applied when necessary, 
it will permanently fulfill all requirements of a good road. 

The quality of the gravel deserves notice. Wash gravel, consisting 
28581 2 
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only of sand and roanded pebbles, sboald never be used. Ko amoant 
of pressure will render it firm, and it is the most disagreeable material 
to walk upon. The best gravel is that to be fonnd in banks composed 
of pebbles mixed with reddish clay, and the stones mast be small. No 
detail in road*making is of so mach importance as this. If a wagon 
wheel or the foot of a horse press on one extremity of a stone the other 
end of it will probably be slightly raised, allowing small particles of 
sand to fall into the crevice when the stone is loosened, and will roll 
on the surface ; hence the necessity of using only very finely divided 
stones on top, so that they will be smaller than the pressing point« and 
not become deranged from leverage or compound action. 

Where stone can not be conveniently obtained the roadbed may be 
filled with refuse matters of many kinds, such as coal ashes, clinkers 
from furnaces, and shells. Oyster shells are plentiful in many places 
near the seaboard, and form an admirable road; but the permanency 
as well as the efficiency of these materials in a roadbed will depend al- 
together upon the care of surfacing with proper gravel. Where it is 
impracticable to procure or deemed inexpedient to use any of the fore- 
going matenals, an earth road may be rendered very serviceable by 
proper attention to the leading principle; that is, to keep it dry. In 
this case, instead of excavating the road bed, slight excavations should 
be made at the sides and the material spread over the center ; and that 
surface water may pass to the sides more rapidly and thoroughly a 
greater convexity may be given to the curve. In some sections of the 
country good roads are kept up in this manner, but they are carefully 
repaired whenever necessary, and all ruts and tracks are filled up a« soon 
as they are formed. The same general principles apply to the formation 
of walks and footpaths. The depth of material, however, ne^d not ex- 
ceed a few inches. It is certain that much unnecessary expense is fre- 
quently laid out upon mere foot-paths. A porous, gravelly, or sandy 
soil is in itself a good walk if properly shaped. Such walks admit of 
greater convexity than carriage roads, which is equivalent to a saving 
of material. Walks should be well filled up. There is no more dis- 
agreeable object, or one that conveys so meager an expression, as deep, 
raw edgings to a walk, looking as- if they had been trimmed with a 
plow. Walks in this condition may be serviceable as water courses, 
but they are not comfortable footpaths. 

FORMATION AND MANAGEMENT OF LAWNS. 

A fine lawn is the most beautiful of external ornaments. Soft, vel- 
vety, elastic turf, smoothly shorn and of fine color, is always pleasing, 
but not always attained. Formerly the emerald lawns of European 
pleasure grounds were considered to be unequaled, and it was thought 
that nothing approaching to their beauty could be realized in this 
climate of scorching sun and summer droughts; butithas been demon- 
strated beyond any doubt that lawns may be produced and maintained 
here as flue as those to b^ found in any country. 
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The primary reqaisite is thorough preparation of the soil. Without 
this failure is probable; but if properly done at the outset, success is 
certain, with subsequent intelligent management. First of all a good 
foundation must be laid by draining and subsoiling, trenching, mauur- 
ing, or otherwise loosening and enriching the soil. With limited lawns 
spade-trenching will be at once thorough and permanent ; but where a 
plow and other implements can be used the work may be executed 
much more economically, and by using the subsoil plow in connection' 
with the common surface-turning, a depth of 18 inches will be reached, 
which on ordinary good corn-producing lands will be ample prepara- . 
tion for a good lawn. Previous to the final plowing a heavy dressing 
of manure should be applied. This should be well decomposed, more 
especially if the soil is partially of a gravelly or sandy character. 

The surface must be rendered smooth and regular. Careful plowing 
can accomplish much towards making a smooth surface ; but whatever 
the expense may be, the finish should be made perfect before sowing 
the grasses. There are two seasons for sowing — autumn and spring — 
either of them appropriate ; and the choice will depend upon circum- 
stances, and is of secondary consideration compared to the preparation 
of the land. To get rid of weeds and clean the ground before laying 
it down in grass it is a commendable practice to plant it with early 
potatoes. These, if cultivated with ordinary care, will soon cover the 
surface with their leaves, and prevent the growth of weeds : and the 
operation of digging up the crop and removing it tends to pulverize 
and loosen the soil. The potatoes can be removed and grass seed sown 
by the middle of August to the middle of September, and the grasses 
will vegetate and cover the surface before frosts. A top dressing of 
thinly sprinkled manure will protect the young plants during the win- 
ter, and a good thick-set lawn will be secured early in the following 
"gummer. 

In hard, clayey loams, where a suflftciently comminuted surface is not 
so easily obtained, the ground should be prepared in the latter portion 
of the year and plowed over, so as to leave a rough surface to be acted 
upon by frost during the winter. This will insure a friability not easily 
attainable by mechanical means on tenacious soils. The seeds should 
be sown as early as can be done in the spring, but not until the ground 
is dry. Working a clayey soil when it is wet is ruinous to the future 
crop. 

In the immediate preparation of the ground before seeding the sur- 
face should be pulverized by the harrow and roller if necessary. The 
seed will be sufficiently covered by passing a light harrow or roller over 
the ground. The former is best in clayey or baking soils, and the roller 
on light and sandy soils. 

The best grasses for permanent lawns are red top (Agrostis vulgaris) 
and June grass {Poa pratensia,) The following proportions have been 
used in the lawns of this Department with great satisfaction : One 
bushel red top, 2 bushels June grass, 1 quart timothy to each acre of 
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land. These shonid be thoroughly mixed before sowing. This is heavy 
seeding, bot experiments demonstrate that a good lawn can only be 
secured by heavy seeding when sown in the spring; autumn sowing 
may be thinner, but the thick seeding will be most satisfactory. There 
is no grass equal to the June grass for fine lawns ; this Is also known 
as green grass and Kentucky blue gra^s. The red top also forms a 
good sward where the soil is good and the summers comparatively cool 
and moist; but during dry warm weather it becomes hard and wiry. 
The timothy grass vegetates quickly and greatly assists the growth of 
the others. 

The practice of sowing oats, barley, or other grains with the grasses, 
under the impression that they will protect the young plants from the 
sun and drought, is altogether wrong, as it practically does much more 
harm than good. The larger growing plants rob the soil of its moisture, 
to the destruction of the tender and more feebly rooting grass plants. 
No such protection is necessary even were it possible to supply it with- 
out injury. With fair preparation of ground, the seed put in as soon as 
practicable in the spring, the lawn will be fit to mow in June at latest. 

A very successful improver, especially in the making of lawns, sows 
down in August and adds about 2 pounds of turnip seed to the acre. 
The gradual growth of the turnip foliage forms a congenial damp shade 
for the vegetation and spread of the young grass plants. The larger 
leaves of the vegetable also protect the grass against injury from the 
early frosts. Their gradual decay and ultimate removal are eftected 
before the grasses are so far advanced as to be hurt by continuous 
shade, and a thick sward is secured before winter. A slight covering 
of strawy manure will be of advantage to autumn-sown lawns, particu- 
larly so if the soil inclines to be wet, and therefore liable to have the 
young plants thrown to the surface by the alternate action of freezing 
and thawing. A heavy roller should be passed over it as early in the 
spring as the firmness of the soil will admit, in order to tighten the 
earth around the roots, and press down such plants as have been loos- 
ened during the winter. 

While it is true that a fine lawn can not be produced without good 
preparation, it is equally true that a fine lawn can not be maintained 
without frequent mowing. The recent improvements in lawn-mowers 
leave but little to be desired so far as mowing facilities are concerned. 
They also roll the lawn at the same time that it is cut, which is essential 
to the most perfect keeping. That which was formerly regarded as a 
formidable operation is now one of the easiest, and the lawn is kept in 
good order at less cost than any other portion of the pleasure grounds. 
One of the best points in the lawn-mower is its incapacity for cuttiug 
long grass, thus compelling frequent mowing, which is the great secret 
in keeping a superior lawn. Mow early and often is the rule. Even 
on newly seeded lawns the mower should be at work as soon as the 
grass is high enough to cut; indeed, much injury results from procras- 
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tinatioD at this time ; weeds will gain the ascendency^ and anequal 
growths follow. A lawn sown down in April was cut six times before 
the first of Augast, and had the appearance of a thick-set sod. 

Neither in the preparation and formation of a lawn, nor in its keep- 
ing in this climate, are there any half-way compromises. The work 
must be done thoroughly to begin with, and then timely attention to 
cutting all through the growing season will insure a satisfactory result. 
Neither soil nor climate can justly be blamed for poor lawns, although 
it is a very convenient mode of shifting responsibility, and one fre- 
quently adopted. 

As already remarked, lawn mowing machines will not operate to any 
good purpose where the grass is long ; hence it has been recommended 
to leave the cut grass as a mulch. During the first year this course 
may be followed with advantage ; but experience shows that a long 
continuance of the practice injures the lawn materially, particularly 
during early spring or late in the season. In the hottest portion 
of summer the cut grass dries up so thoroughly as to be but of slight 
influence either way. 

The lawn will be benefitted by a top dressing once in three or four 
years; not, however, by throwing over it an unsightly covering of 
rough, strawy litter, which, however beneficial, is not commendable in 
neatly kept grounds. A compost made up of fresh stable manure and 
any ordinary good surface soil, thrown together in layers, and inter- 
mixed and pulverized by frequent turnings during the summer, will be 
in condition for application any time in early winter. This should be 
evenly distributed, broken up, and raked in among the roots, taking 
advantage of frost to assist in the work of disintegration, and removing 
the rougher portions altogether before rolling the lawn in the spring. 

BELTS OR MARGINAL PLANTATIONS. 

In suburban districts, where surrounding properties are likely to be 
improved and the scenery is liable to be changed at any time, too much 
value should not be given to neighboring views. It frequently occurs 
that the site for a dwelling house is selected mainly on account of its 
commanding certain distant views, even to sacrificing other important 
considerations in order to secure the prospect, and before the house is 
completed the fine views are obstructed by operations on an adjoining 
property. In localities of this kind the interest of the position should 
not so much depend upon external beauties that are beyond control as 
upon the internal improvements and local objects. Preliminary to this 
acquirement the grounds should be isolated by an umbrageous boundary 
of trees and shrubs, which will form a pleasant margin to the ground 
improvements, and provide that seclusion, retirement, and privacy which 
are always congenial to home comfort. 

Whether the place is large or small, a carefully planted boundary of 
selected trees and shrubs should encircle that portion of the grounds 
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appropriated to gardeniDg purposes. With regard to small places in 
thickly populated ueighborhoods this should be the first consideration. 
The place will thus be made to look larger and the house can be partly 
surrounded by a somewhat open lawn, which will be distinctly defined 
and fringed by the border of shrubs. In grounds of greater extent 
shelter and protection, both to plants and animals^ will be largely se- 
cured by thickly set evergreen trees on the most exposed quarters. 
Distinctiveness of arrangement will also necessitate the formation of a 
well-marked division between the garden, the lawn, and the open fields 
beyond, and here a continuous belting of foliage will serve to render 
the boundary line more pleasing if not less conspicuous. 

Much of the efficiency as well as the beauty of this boundary belt 
will depend upon the form of its ground plan, as well as upon its sky 
outline, which is a curving line, widening and narrowing at certain 
points, as heavy masses of planting may be made to hide deformities 
or openings left through which to view the distant scenery. In arrang- 
ing openings it is not necessary to arrest the continuous line of shrub- 
bery. This can be maintained by using very low growing plants oppo- 
site to the selected openings. This will further have the effect of 
varying the sky outline both by elevation and perspective. The pro- 
jecting points giving space for larger growing plants, will enhance va- 
riety in sky outline. These occasional masses of heavier plantings 
produce a pleasing variety of effect when contrasted with open spaces 
of lawn and groups of low-growing shrubbery. 

The selection of the species and varieties, as well as the disposition 
of plants in a marginal border, requires skill and forethought. The 
proper gradation of heights, the contrasting and harmonizing of forms 
and colorings of foliage and flowers, and the general adaptation of the 
whole to the extent of grounds and to the requirements of the archi- 
tectural and other improvements, will influence, to a certain degree, 
both the selection and disposition of the plants. 

Where the grounds are so extensive as to admit of a plantation belt, 
varying in width from 60 to 200 feet, thus affording space for the growth 
of the largest trees, the selection of sorts will be less difficult than 
where the space limits the. border to a maximum breadth of 50 feet. 
The following list includes some of the best trees of the smallest size, 
suitable to small grounds: 

Acer campestre. Lahurnum vulgare. 

Acer Pennsylvanicum. Madura aurantiaca, 
Amelanchier Canadensis, var. hotryapium. Magnolia conapiciM. 

Aralia spinosa. Magnolia glauca, 

Carpinus betulus. Palittnis aculeatiis. 

Cercia Canadensis. Frunus mahaleh, 

Chionanthus Virginica, Frunus padus, 

Cornus florida. Ftelea trifoliata. 

Eloeagnus angustifolia. Pyrus aucuparia, 

Fraxinus viridis, ^ Fyrus coronaria, 

Halesia tetraptera. Shepherdia argentea, 

Mamamelis Virginica. Sophora Japonica* 
Kcelreuteria panioulata. 
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FENCES AND HEDGES. 

Some sort of fence is usually necessary to guard against intruders, or 
to designate ownership, and tlie kind of fence used will generally be 
governed by necessity. 

Whichever material may be used for outside fences, they should be 
strong and substantial. Inside fences for such purposes as that of sep- 
arating the lawn from the vegetable garden may be of lighter construc- 
tion, especially if a fence crosses a lawn, as seen from the house with an 
open view beyond, it should be as light and elegant as is consistent with 
strength and durability. In such cases it is often desired to conceal 
the fence as an Intrusive object in the landscape by adopting the sunken 
fence. This may be described as a ditch like excavation 4 or 6 feet in 
depth, finished by a perpendicular wall on the lawn side and the ground 
flatly sloped on the opposite. 

The propriety of persistently concealing the fence in such positions 
may be questioned. Utility is a strong element of the beautiful, and if 
no visible barrier intervenes between the pleasure ground and a grazing 
Held we at once condemn the incongruity. We can not distinguish 
where the flower garden ends or the grazing meadow begins, and must 
suppose that the cattle can perambulate the flower garden if they 
choosey we can imagine the result, and we feel that a fence becomes a 
necessity to separate objects that can not be united without injury to 
one or both. Wire fences are well adapted to this purpose, as they are 
so light as not materially to interrupt the view, and if properly con- 
structed are suflBiciently strong and permanent. 

Even in those happy communities where cattle are not permitted to 
run at large some kind of fence will be necessary to designate boundary 
lines of property. It has been claimed that the highest degree of rural 
beauty is a village without fences or any other distinctive marks to 
properties. As well might it be claimed that the best arrangement in a 
picture gallery will be produced by taking the paintings out of the 
frames and nailing the canvas to the walls. The love of exclusive 
possession is the mainstay of society. Well-defined boundary lines to 
property greatly enhance its enjoyment, especially wlfen applied to 
lawns and gardens. 

For this purpose the live fence is by far the most appropriate, and 
that formed of evergreen plants the most permanently beautiful. 
The Siberian arbor vitsB, Nootka cypress, and hemlock spruce are 
among the best for northern climates. In the South the Chinese arbor 
vitsB, Japan euonymus, and other evergreen shrubs may be added to 
the list. If deciduous plants are preferred, a selection may be made 
from the following list: Japan quince, buckthorn, elsBagnus, Japan 
privet; and, if a somewhat formidable fence is desired, the Osage 
orange and honey locust will answer that purpose. 

Hedges are also useful as shelter to gardens, rendering them earlier^ 
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more prodactive, and greatly exempt from casualities of climate and 
locality. In the growth of all kind ot small fraits aa well as those of 
larger orchard growth, shelter is always of the greatest benefit. Many 
of the diseases of oar frait trees and imperfections in the products 
can be effaced by sheltering hedges and plantations, facts that are now 
being fully appreciated by fruit-growers. 

In ground^s of very limited dimensions, where the boundary lines are 
at no great distance from the house, an evergreen hedge set inside the 
fence will afford great relief to the eye and form a background, as it 
were, to the shrubbery and flower borders. The stiff line of the hedge 
can be modified in appearance by planting small diversified groups of 
shrubs or low-growing evergreens along its front. A continuous border 
varying in width and curving outline, running a direction parallel with 
the hedge, and thickly planted with flowering shrubs of variety, inter- 
spersed with such flowering herbaceous perennials as hollyhocks, 
phloxes, chrysanthemums, delphinums, etc., is one of the best modes 
of treating a small pleasure garden and lawn. 

ROOKEBIES. 

A rockery properly located and tastefully arranged is capable of 
affording much of interest and pleasure to those who can appreciate 
the beauties of nature. It is not advised to attempt the imitation of 
rocky scenery, which can rarely be successfully accomplished, even with 
the command of unlimited means. Abortions of this kind, where the 
means have been made more conspicuous than the end, have tended to 
discard rockeries from situations where they would be highly prized, 
were their real purpose fully understood. 

The simplest form of rockwork may be described as a mound of soil 
covered with stones; and its purpose that of securing conditions for 
culture of the native plants of our woods and dells, as mosses, ferns, 
and others of similar habits, which will not flourish in the ordinary 
borders or beds of the flower garden, where they are too much exposed 
to sultry suns and drying winds. 

A secluded spot or corner of the pleasure grounds shaded by trees, 
but not directly under them, is the position for a rockwork of the kind 
in question. Here, concealed from all points by an inclosure of shrub- 
bery, or by an evergreen hedge, and approached by a rustic pathway 
through a leafy thicket, the rockery may be located, without any vio- 
lation of good taste or interference with other and more agibitious dec- 
orations. 

A basin to contain water may be cheaply constructed of brick and 
cement, and will add very much to the variety of the plants that may 
be grown. Shade and humidity, which are essential to the growth of 
many woodland plants, such as the sarracenias or pitcher plants, and 
also a constant evaporation during dry periods will enable these and 
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plants of similar Labits to flourish as laxariantly in an artificial state 
as they do in their native wilds. 

A circular basin, 8 or 10 feet in diameter and 12 to 16 inches in 
depth, surrounded by a rock-covered mound of varied breadth and ele- 
vation, will afford space for a large number of plants. It will also 
allow scope for tasteful arrangement, both in the construction of the 
work and in the distribution of the plants. If some of the largest 
pieces of rock are allowed to project over the water, in varied shapes 
and masses, some of them forming foundation for miniature perpen- 
dicular cliflfs, and others for rapidly receding cavities, a pleasing play 
of light and shadow will be thrown over the surface of the water. 

An additional feature may be given by running through and around 
the rockwork a concealed pipe, with numerous small perforations over 
its surface through which water will be conducted to the plants, trick- 
ling over the rocks and dropping iuto the pool below, producing at once 
a charming rural effect and a congenial atmosphere for the vegetation. 
This, or some similar simple method of arrangement, will usually be 
more satisfactory then an iron or even a marble fountain, with numer- 
ous fanciful jets and basins, supported by questionable statuary, dis- 
played in a conspicuous position on the lawn. 

By the use of small stones and cement a center ornament may be 
erected in the basin, and a jet inserted, through which the water is 
delivered in a finely divided spray. This will provide hygrometric tem- 
perature peculiar!}' adapted to such situations and objects. 

There are but few country places where the means for securing these 
specialties can not readily be obtained. The water supply may not 
always be convenient, still by exercising a little ingenuity plans may 
be devised for its introduction, either by utilizing the waste from cis- 
terns or forcing it into elevated receptacles. It may be mentioned that 
small jets are sometimes supplied by rainwater collected in cisterns, 
although this is not recommended as a plan likely to prove satisfactory. 
A species of rock garden of more elaborate character may be formed 
by laying out a small geometric plan of raised beds of earth, supported 
by irregular-shaped stones. Old tree-roots may also be used to elevate 
and diversify the sky outline. These will in time become covered with 
foliage of creeping plants, ferns, mosses, and other low growths. The 
beds should be planted with low-growing hardy evergreens, such as 
various species of Jwntperi^^, Gupresstts^ Biotay Thuja, Taxu8,2Lnd Eetino- 
spora. The Mahonias are well suited to plant in such positions. Yuccas 
are admirable, giving a somewhat oriental character when massed in 
groups. Larger trees may be used where space will admit. The hem- 
lock spruce is beautiful everywhere ; the silvery deodar cedar will give 
variety of color; and the Pyracanth, Rhododendrons, and Kalmias, 
with many others, may be formed into picturesque groups of great 
beauty, depending very much, however, upon their location and skill- 
ful arrangement. 
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The more robast plants may be prnned when necessary to keep them 
within prescribed limits, and shaded spots will be foand where the 
EpigrBas, Mitchellas, ferns, and kindred plants can be introduced, de- 
sirable and interesting either for their floral beauty or their histori- 
cal and botanical associations. 

WATER — LAKES. 

When ai>propriately introduced the effect of water in pleasure 
grounds is always pleasing; frequently it is strikingly beautiful, and, 
of all the materials that enter into the composition of natural scenery 
there are none that produce a greater amount of varied interest and 
beauty. It is therefore eagerly desired as an adjunct to the mere arti- 
ficial improvements of private residences, public institutions, and city 
parks, and is always a valuable acquisition where it can be secured. 

To form an artificial lake the first requisite is an ample supply of 
water at all seasons. There can not well be a more unsatisfactory 
object in artificial grounds than a lake where the supply of water is in- 
sufficient to keep it properly filled, and where natural facilities for a 
constant supply does not exist, its construction should not be attempted. 
The surface water or casual supply derived from rains and snows may 
be sufficient during winter and spring, but entirely inadequate to meet 
the evaporation during the summer; and lakes that are dependent 
upon this source, and become partially empty and stagnant during the 
warm season, are as injurious to health as they are opposed to all cor- 
rect ideas of beauty. 

Water for ponds is sometimes procured from the discharges of under- 
ground drains, and where the drained area is extensive enough to fur- 
nish all the water necessary, which can be ascertained by observations 
during summer, a pond may be excavated at the lowest point, allow- 
ing the surface of the water to be on a level with the discharge pipes 
of the drains. The excavated soil can be used in forming banks of 
varied heights and configurations. The outline of the pond, like that 
of a belt of trees or shrubbery border skirting a lawn, should be varied 
and irregular, with bold points and deep indentations, and these should 
be few and bold rather than frequent aiid tame. The resemblance be- 
tween a level lawn, surrounded by curved outlines of shrubbery, and 
that of a smooth sheet of water in a pond or small lake, with jutting 
banks and retiring bays, is very close so far as relates to their artistic 
treatment in ornamental planting. 

The most natural position for a sheet of water is in a hollow or low 
ground occupied by a constantly running stream. It frequently occurs 
that small streams are so situated that by skillfully throwing a dam 
across the valley hollow through which the water runs a large surface 
may be flooded and the water permanently retained. The water level 
on the surrounding ground will probably show a beautifully varied 
outline, which may be increased or rendered more definite by deepening 



27 

bay-like recesses and adding to prominent or jutting points. This, 
together with the effects that may be produced by planting, will give 
variety to otherwise monotonous outlines. 

In geometrically arranged flower gardens simple basins of water may 
be introduced with good effect either with fountains or without them. 
In these situations the marginal finish or connection between the grass 
and water should be of an architectural description. Any attempt 
made toward a rugged or what is usually termed a natural-looking 
finish will certainly prove unsatisfactory. 

BNTItANOE GATES AND OARRIAaE TUBNS. 

First impressions are strongly influencing and oftentimes prove to 
be the foundation of lasting prejudices. A neatly designed and taste- 
fully arranged gateway at the entrance of a property creates the favor- 
able expectation of finding these characteristics pervading other im- 
provements. An imposing entrance way therefore becomes an impor- 
tant feature; but it should always bear a close relation to the general 
style and scale of the situation, and if it is architectural iu design, 
should harmonize with the style of the mansion to which it is an adjunct; 
at the same time it may be more highly ornamented, keeping strictly 
in mind that no amount of mere decoration will compensate for any 
appearance of insufficient strength or utility. 

Iron gates appear to greatest advantage when they are hung to stone 
posts or attached to pillars of magonry. A single block of granite^ 
fashioned into a post forms a very satisfactory support for an ordinary 
iron gate. Large, heavy, and elaborately constructed iron gates de- 
mand heavier and more massive supporting pillars, ornamented to cor- 
respond with the style and finish of the gate. The main or principal 
entrance gate to any place, even of the most humble description, should 
be placed on a line receding more or less from the line of the outside or 
public road, being connected with the latter by a curved line of fence. 
The extent of this recess will vary with the extent of the place, facili- 
ties of position, and size and style of the gate, but 10 to 30 feet may 
be given as a range. Even in places of quite limited extent the former 
distance will be sufficient to give a decided effect without encroaching 
too severely on the grounds, and will establish a largeness of expres- 
sion to the whole surroundings. In placing posts for gates the mistake 
is frequently made of setting them parallel to the public road instead 
of having them at a right angle to the road to which they properly be- 
long. When the private road leaves the public one at right angles 
and continues in a straight line for some distance the gate will, of 
course, be properly placed in a line parallel to the public road ; but 
where the front lawn is small in extent and it becomes a necessity to 
branch the road suddenly to right or left the importance of adhering 
strictly to the rule of placing the gate at a right angle to the carriage 
road will appear very conspicuous, for if the posts are set parallel with 
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the public road it will be found to ^be a matter of much nicety to drive 
a carriage through the gateway without either coining in contact with 
the post or allowing the horses to walk on the grass or road edging. 
Examples of this may be seen in most suburban districts. 

The greater the inequality of the respective distances between the 
posts and the line of the outside or public road the more difference will 
there be in the length of the curved lines connecting them with the 
fence. One will be much shorter and have a different radius from the 
other; but this will not destroy the symmetry of composition which a 
gateway should possess, since the apparent utility of the arrangement 
will convey a strong reason for its adoption, which can be further in- 
creased by the judicious planting of trees ; besides, it should be remem- 
bered that an expression of symmetry can be obtained without having 
a strict adherence to uniformity in detail. 

A space sufficiently large to allow a carriage to turn is a necessary 
convenience to a house, and should be as near the main entrance as 
practicable. In the front of very large buildings a gravel space wide 
enough for this purpose is sometimes provided ; but when the house is one 
of ordinary dimensions, and the grounds of only moderate extent, a large 
gravel space will very materially abridge the breadth of the front. The 
reflection of heat from gravel is not pleasant, neither is it so agreeable 
to the eye as the grassy lawn. Some of the objections to an open gravel 
space are removed by forming a circular carriage-way directly in front 
of the house, inclosing a bed for shrubbery or a grass plot. The amount 
of roadway is, by this mode, somewhat reduced, but the evil of break- 
ing up the front still exists ; nor does it provide all the requirements 
of a carriage turn, as there is no alternative but to perambulate the 
circle when retiring ; and the annoyance of having vehicles and animals 
obstructing the view from the principal windows of the house is also a 
grtjat objection to this arrangement. The best position for a carriage- 
turn is beyond the house, so that a vehicle, after approaching the main 
entrance can proceed onward, turn, and approach the house again in the 
opposite direction. The turn in this case can be partially screened from 
the house by planting shrubbery; and arrangements for tying horses 
can be made in unobjectionable positions where they will not present 
annoying features as seen from the house. This allows the grass or 
lawn to be carried closer to the building, the roadway only intervening, 
and the side grouping of plants can be executed much more effectively. 
The curve of the road, entering into the grounds on one side, will be 
balanced by a similar curve on the other side towards the turn. In this 
proximity to a building, the walks, as well as artificial plantings, should 
be symmetrical in their tendencies and in keeping with the formal style 
of treatment which such a position demands. The central view from 
the building will be open, and impart an expression of freedom and 
apparent extent of lawn, which is always pleasing, particularly in lim- 
ited areas. 
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PLANTING ROADS AND AVENUES. 

la tlie planting of straight roads and avenues it is essential to pre- 
serve regularity of line, as also uniformity in the color and shape of 
the trees. The nearest approach to the sublime in landscape gardening 
is in effects produced by extended uniform lines of trees. Continuity 
of line and uniformity of object, when combined with great extension, 
produce sublimity. Objects are sublime which possess quantity and 
simplicity in conjunction. It is not on a small rivulet, however trans- 
parent or beautifully winding it may be; it is not on a narrow valley, 
though variegated with flowers of a thousand hues; it is not on small 
elevations, though they are clothed with the most delightful verdure, 
that we bestow the epithet sublime; but it is upon Niagara, the Missis- 
sippi, the Andes, the ocean, the wide expanse of the firmament, or the 
immensity of space uniformly extended, without limit and without 
apparent termination. To produce this effect it is therefore imperative 
that only one variety of tree should be used. Anything that tends to 
break up the uniform continuity will at once destroy it. A straight 
avenue planted with a variety of trees of varied forms, some broad and 
spreading, others tall, pointed, and spiry, is as much at variance with 
good taste as would be a Grecian fagade furnished with columns embrac- 
ing all the different orders of architecture. Among the best trees for 
planting wide avenues are the tulip tree, the sugar and the silver 
maple, lindens, sycamores, walnuts, oaks, and chestnuts. For narrower 
roads, those from 16 to 20 feet in width, the Norway maple, the black 
and white ash, the horse chestnut, and those of kindred habit will be 
more suitable. 

On long and wide avenues, in positions where aside view of the lines 
is prominent, the wall-like effect may be very much softened and toned 
down by setting a double or even triple row of trees, and this will be 
still further increased by planting each opposite row, respectively, with 
a distinct kind. An avenue of tulip trees will in this arrangement be 
well supported by an outside line of red maples, their forms will blend- 
pleasingly, and the contrast of their spring verdure and autumn color 
ings will be agreeable. In a similar disposition the sugar maple, sweet 
gum, and ash-leaved maple may be used. Such combinations may be 
indefinitely varied and adapted to the embellishment of avenues as their 
extent and importance may demand or require. 

In planting curving roads, the disposition of the trees will obviously be 
determined by the general character of the grounds through which the 
road passes. ^ - 

In places of 6 to 10 acres in extent, and in form nearly of a square or 
parallelogram, with the mansion placed 100 yards back of the front 
line, the entrance gate may be judiciously set near one of the corners, 
and the road gradually curve to the building. A single continuous 
row of trees on one side of this road would have a monotonous eff43ct, 
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und a row on each side woald destroy and completely break up any at- 
tempt at breadth of view. The road should rather appear to carve 
ronnd and pass through masses of trees and shrubbery plantations. 
While attention may be given to partially shading the road by placing 
suitable trees mainly on the south and west sides, yet these shade trees 
should form only a portion of groups, with an occasional isolated single 
specimen tree ; or, what is still better, two trees of the same kind set 6 
to 10 feet apart, so that when they grow up they will give a distant ap- 
pearance as of a single tree, with the additional variety of aspect when 
closely viewed. The planting of groups should be more extensive and 
massive on the inner circle, around which the road will curve, with 
frequent open vistas looking in upon the lawn. The width and length 
of the road and extent of lawn will designate the size of the groups, 
and also suggest the particular kind of trees and shrubs of which they 
are to be composed. Shade trees may be thus introduced in sufficient 
quantities, even on winding roads, to answer the combined purposes of 
shade and garniture, without producing an appearance of strained ef- 
fort to secure it. 

Where the road is wholly on the southern side of the dwelling, decidu- 
ous trees should be used in front or near the building. If the entrance 
and the road are north of the house, a straight avenue of evergreen 
trees will form an admirable feature, if ample space is allowed for both 
road and trees. The Norway spruce is, perhaps, the first choice of tree 
for such planting. The hemlock spruce is the more graceful and the 
best adapted to short roads or narrow grounds. The Austrian, the 
Scotch, and the white pine may be used where the grounds are exten- 
sive. Even when the Norway spruce is used the parallel lines should 
be 60 feet apart, not only to admit of sun and winds to act directly on 
the roadway, but also to give ample room for the spread of the lower 
branches of the trees ; and in no case should they be planted nearer 
than 16 feet from the edge of the road, and when the larger and more 
widely-spreading pines are used, a space of at least 20 feet should be 
given. A very meager effect will result from planting close to road- 
ways, narrowing them into mere strips, which for at least one-half of 
the year are seldom dry. 

PLANTING NEAR BUILDINGS. 

A mischievous error, and one too frequently perpetrated, is that of 
placing trees close to buildings. Although trees and shrubs are the 
chief decorative ornaments of a place, they become not only disagree- 
ble but positively injurious to animal life, when closely massed around 
a habitation, by shutting out light and preventing the rays of the sun 
and drying action of the winds from exerting their salutary influence on 
the walls, which in consequence are constantly damp and unhealthy. 
Where large trees are allowed to spread and overhang the roofs, choking 
gutters and water leaders, and (pausing a deposit of niold and other 
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fungoid growths as far as their IniiaeDce extends, it is impossible fi>T 
the hoase to be dry, comfortable, or healthy for human beings. Many 
of the older houses throughout the country are rendered almost unin- 
habitable by the dense surroundings of trees and shrubbery, and the 
evil is greatly aggravated when the trees are of evergreen species. 
Ventilation is produced by heat, and a building shaded from the rays 
of the sun by lofty trees and sheltered from currents of air by thickets 
of shrubbery is deprived of the influences most conducive to health, 
and is a fitting subject for the attention of a sanitary commission. 

Plantings of the finer species of dwarf flowering shrubs may be 
placed in moderately large masses on the lawn near the house with- 
out any great injury if not too frequently repeated; but even the 
smaller growing shrubbery, if planted in continuous thickets near 
the building, in any way except a northerly direction, will sensibly 
exclude the genial cool breezes so grateful during the summer. A 
house nestling on the sunny side of an evergreen plantation is sug- 
gestive of comfort, and presents a cheerful, sheltered appearance dur- 
ing winter. It is as economical as it is attractive, as many persons can 
testify who have had the foresight to plant sheltering borders of ever- 
greens in bleak and treeless situations, and in consequence are realizing 
a higher thermometric temperature ; but even these, to be of greatest 
benefit, should not approach within 100 feet of the house, at least not 
in a mass. Isolated specimens of rare or otherwise specially interesting 
trees may be planted nearer, but only on the northern sides of the house. 

A certain amount of shade is very desirable in connection with a 
house, especially in climates where, during a great portion of the time, 
it is more agreeable out of doors than it is in rooms ; yet it had better 
be secured by covered verandas than by trees. It is also more con- 
ducive to health to sit under a covered ro6f. Exposure to evening dews 
is a well-known fruitful source of sickness, and the partial protection 
afforded by the overhanging branches of trees is not sufficient when 
dew is forming. 

Trees of the large-growing species should not be planted nearer than 
60 feet to the walls of a dwelling house. Such trees are the sugar and 
the silver maple, the sycamore, elm, linden, ash, chestnut, and poplar. 
Trees of medium growth, such as the Norway and the English maple, 
and others of this class that do not attain a height of more than 30 feet 
may be planted 30 to 40 feet from the building. 

Another disadvantage resulting from surrounding the building with a 
thicket of foliage is, that it shuts out the views of immediate and distant 
scenery ; as seen from the house at the same time the house, as an object 
of the local landscape, is completely hidden from view. If the architect 
ture of the structure has received any study as a work of artistic design, 
it should in itself form a picture which to be properly appreciated must 
be seen and viewed as a whole, so that its proportions, outlines, eleva- 
tions, and ornamental details may be taken in at one view, Even beds 
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of ]pw sbrabbery, if abundantly introduced near tbe base of a building, 
will foreshorten the elevation, obstruct the view of the horizontal base 
line, and seemingly destroy architectural proportions. Many of the 
finest structures, both public and private, are ruinously shorn of tbeir 
beauty by careless or ignorant planters, who, in their endeavors to beau- 
tify a building, succeed only in concealing those salient lines and pro- 
jections that give it character and distinctiveness. 

A proper connection of the house with its surroundings is the first 
point to which attention should be given in laying out grounds, as it is 
the most prominent and leading detail of improvements. A house 
should not appear to have risen out of the green lawn like a tree. It 
is necessary that some evidence should be apparent of suitable prepa- 
ration having been made for the building ; at least a level platform of 
more or less width should project from the base line. The ground line 
should be level, and all walks should correspond with the lines of the 
ground plan. Zigzag and curving walks close to the straight lines of 
a large or eveu the most humble building are directly opposed to 
beauty or propriety ; they are sure evidence of unskilled labor. 

The principal front of a building should show a terrace, either archi- 
tecturally treated or at least with the architectural appendages. The 
level line of the terrace will furnish a uniform base to the building, and 
masses of low- growing plants may be introduced below the terrace where 
they will not interfere with the view of the structure. A few trees may 
be planted at the ends or in the rear, which will serve to connect the 
house with the grounds and their scenery, and this can be done with- 
out either hiding or overshadowing the building. 

It has long been laid down as a general principle that round-headed 
trees contrast best with the prevailing perpendicular lines of Gothic 
architecture, and those of the pointed or conic shape with the hori- 
zontal of the Grecian. It may be questioned whether either of these 
rules is sufficiently accurate to be worthy of consideration ; certain it is 
that there may be found compositions of expressive beauty where the 
arrangements are the reverse of those proposed in this general princi- 
ple. It is perhaps nearer the facts to state that in the arrangement of 
forms harmony will prove more pleasing than contrast ; but when ap- 
plied to colors contrast will develop the most distinct and expressive 
compositions. 

aROUPINa TREES AND SHRUBS AND PLANTING IN MASSES. 

Among the various operative details in landscape gardening the 
arrangement of vegetation is the most important, and there is no other 
that shows so distinctly the artistic skill and arboricullural knowledge 
of the operator. While this is the most decisive as to the ultimate 
beauty and value of the improvements, it is acknowledged to be the 
least understood ; for artists of considerable reput;e, who may establish 
grades, run lines of roads, and stake out places for groups and single 
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trees, fail to designate the kind of plants to be used, thus leaving to 
mere chance the onl^^ features where artistic merit can be developed. 
Some of the principal and most conspicaous effects that may be real- 
ized fi-om grouping and placing trees are as follows : 

1. The formation of distinct groups of the various species and varieties 
of trees. — In planting public parks, college and school-house grounds, 
or private grounds, if of sufficient extent, a great amount of aiboricul- 
tural interest will be induced by forming groups of certain families, 
genera, or natural orders or plants. It might be presumed that this 
mode of arrangement would sacrifice beauty. In order to carry out a 
mei e mechanical system of disposition, such as may be seen in orchards, 
and woald prove monotonous, and destitute of that variety which re- 
sults from a combination of different species. This is to a certain extent 
true where the grounds are not extensive and the planting is confined 
to one principal group. In that case the use of diversified materials 
will invest the group with a greater variety of interest to the lover of 
trees, and that also without impairing the landscape effect, if the ar- 
rangement is properly carried out ; but where the plantation is ex- 
tended over several acres, the groups will be more definite and distinct- 
ive in character if each is chiefly planted with the plants of one genus. 
This may be partly illustrated by supposing that there are twelve prin- 
cipal masses to be planted, and twelve species of trees are employed. 
If each mass is composed of a mixture of the twelve species, the result 
will be twelve groups of precisely the same character; whereas if each 
group is strictly confined to one species, the groups will be entirely dis- 
similar, each forming a distinct feature. Thus groups of maples, oaks, 
birches, elms, etc., will follow in succession; and where whole families 
are thus connected, there will be sufficient difference in form and habit 
of growth among the species to give variety to the group when inspected 
in detail, and at the same time the mass will present distinctive fea- 
tures peculiar to the genus represented. In ornamenting the grounds 
of colleges and other seats of education this mode of planting is par- 
ticularly appropriate, affording admirable facilities for studying the in- 
dividual trees and comparing them with other species of the same 
family. The beauty of this arrangement will depend upon the harmo- 
nious connection of forms and adaptation of the respective growths to 
certain positions in the groups. 

2. Planting evergreens with a view tojorming a distinct winter scenery. — 
No effective or perfectly satisfactory results will be produced from a 
general intermixture of deciduous and evergreen plants. In forming 
shrubbery borders this distinction is not so strictly important as it is in 
the case of trees ; but even in the arrangement of shrubs afar more 
polished and artistic finish will be given by placing the larger growth 
of deciduous plants in the background, and bordering towards the front 
with some of the low-growing evergreen species. One of the most de- 
airable plants for an edging to a border of shrubbery is the Mahonia 

28581 3 



34 

acquifolia. It grows in a compact, roanding form, and is beaatif\ll at 
all seasons, whether in the glossy brightness of its varnished foliage 
daring winter, the profuse cluster of its yellow blossoms in spring, the 
fern-like delicacy of its young foliage in early summer, or when laden 
with clusters of its dark -colored berries. Where the mercury frequently 
sinks below zero this plant will not prove ornamental. The recent addi- 
tions to our hardy evergreen shrubs have been notable and valuable. 
The retinosporas alone comprise great variety. The Euonymus iaponictis 
and its silver and gold striped varieties, furnish valuable material where 
they will withstand the winters. The tcixusj cupresHuSj juniperusy suid 
thujas furnish numerous plants of dwarf growth for the shrubbery. 

[n respect to the heavier tree growths, it is clearly manifest that the 
finest examples of arrangement are those where evergreen and decida- 
ous trees are treated as forming distinct scenery ; and of these the 
evergreens are, perhaps, the most valuable because they furnish a win- 
ter clothing to the landscape, with but little aid from deciduous plants, 
while the summer assistance of the latter only supplement and adorn 
the forms and colors of the evergreens. 

To produce the best winter effect from evergreens, they should be 
planted mainly in the foreground, particularly on such projecting points 
as are conspicuous, so that while these points or groups may be rather 
widely separated, they will have a continuous appearance by the tops 
of those in one group apparently connecting with the lower branches of 
the group beyond, as seen from the principal points of view. An indis- 
criminate mixture of all kinds of trees is destructive of beauty. The 
deciduous varieties diminish the beauty of evergreens during winter by 
breaking up the continuity of color and respose so essential to the best 
effects, either in gardening or painting ; and during the summer sea- 
son, the more numerous the branches and broader expanse of foliage of 
the deciduous trees, if close to evergreens, will overpower the latter, 
and, in time, completely destroy them, by an excessive amount of shade, 
and also by the extraction of moisture from the soil. For defining oat- 
lines or rounding off groups, no plant is so appropriate or can so well 
be adapted to any position as the hemlock spruce. Its wavy branches 
convey a more finished impression than any other hardy evergreen, and 
no other can excel it either in beauty of growth or general usefulness in 
producing the best effects of landscape gardening. 

3. To grddually blend evergreen and deciduous plantations hy pleasing 
connections. — The majority of evergreen trees are conical and pointed 
in form, while among deciduous species the prevailing habit is flat or 
round-headed ; but trees of those opposite forms may be found in both 
classes. Spiry topped and conical forms are seen in the larches, Garo- 
lina cypress, Lombardy, and other poplars, and round-headed ever- 
greens ere seen in the Scotch and Austrian pine. Many species of tbe 
pine tribe, although of a pyramidal or pointed form when the plants 
are young, aasuw^ a,n open, spreading habit as they become older. 
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To connect evergreen and decidaoas groups those trees that partake 
of intermediate characteristics should be employed in blending the two 
classes, where the plantation is continuous ; and where a more distinct 
but not abrupt line of separation is required between the two, it may be 
judiciously accomplished and the margin of each group be toned down 
by introducing a few of the most graceful trees of both classes, such as 
the Norway and English maple, negundo, and yellow wood among 
deciduous, and the hemlock spruce, Lawson's cypress, arbor vitSBS, and 
retinosporas among evergreen species. The rather novel difference 
between the arboreal aspect and the botanical classification of the SaHs- 
kuria adiantifolia renders it peculiarly appropriate for an intermediate 
position between evergreen and deciduous trees, 

4. To place certain trees in conspicuous positions. — ^Trees that are pre- 
eminently notable, on account of their rarity, beauty, or botanical his- 
torical associations, may be placed as isolated specimens in prominent 
positions on the lawn. This interpolation, however, should be carefully 
studied ; a single tree, if wrongly placed, may destroy a fine picture. 
Indeed, it is everywhere evident that the greatest prevailing error in 
arranging ornamental plantations is the oft-repeated single tree, dotting 
every spare surface with a plant, producing a spottiness quite opposed 
either to beauty or design. 

Single trees may be made still more conspicuous by planting them on 
slightly elevated mounds^ this will add to their general effect, and 
allow perfect freedom for assuming their normal habit of growth. 
Trees worthy of so distinguished sites, for their beauty of growth, are 
very numerous ; but for extensive grounds, where the largest class may 
be* introduced, the Magnolia acuminata^ the sugar and Korway maple, 
Cladastris tincUn^ia^ Osage orange, negundo, willow-leaved oak, and 
English maple may be noted as a few of the deciduous; while among 
evergreens, the hemlock and Norway spruce, Himalaya pine, Nordman 
fir, Nootka cypress, and Siberian arbor vitae, may be specially mentioned. 

Of rare and interesting trees the list is extensive, and will vary ac- 
cording to individual tastes and studies; the extent of ground and 
general disposition of other plants will also infiuence the selection and 
number of single specimens. 

5. Plant with reference to individual beauty^ as also with regard to that 
resulting from a comhinMion of forms. — Isolating the trees, as alluded 
to in the preceding paragraph, will produce the highest degree of indi- 
vidual beauty and development. But to realize all the variety that 
may be obtained from contrast of forms, foliage, and flowers requires 
more careful study and preparation. Irregularity of distance between 
plants will in itself affect variety in composition. Very little either 
of beauty or interest can attach to lawns where every tree is equi- 
distant, or apparently so, from its neignbor, like so many cabbages or 
currant bushes. If we observe the disposition of trees in any natural 
group that attracts our attention, we shall learn that the influence of 
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UDequal distance in massing foliage and causing minor gronpings of 
branches and stems is very great. To prodace a similarly pleasing 
variety of stems and outlines it will be essential to imitate to some 
extent the mode in which natural groves are formed, even to placing 
several trees together so as to present the appearance of several stems 
issuing from the same root. A degree of naturalness will thus be im- 
posed upon groups, even should there not be any attempt at contrast- 
ing or harmonizing forms ; but this latter will show more decidedly the 
foresight and skill of the designer. 

6. To produce a pleasing sky outline to all heavy masses or distinct 
groups. — The sky outline composition of groups is a pleasing and 
noticeable feature. The monotonous sameness in the aspect of a peach 
or an apple orchard is a familiar result and example of what may be 
intensified by closely planted masses of formal growing trees. But it 
is a rare occurrence to find such monotony in natural forest scenery. 
A great diversity of sky outline will prevail, especially on the margins 
of groves, where the foliage is continued by suitable undergrowths 
down to the surface of the ground. Such distinct and unique forms as 
theLombardy poplar, deciduous cypres8,larches, and similarly pointed 
trees will give a spirited effect to the most commonplace groups. 

The edges of plantations composed of larger growing trees will be 
softened by the introduction of drooping forms ; and one of the most 
beautiful compositions, with refereuce to direction and curvature of 
branches, as well as to sky outline, is that produced by surrounding 
two or three Lombardy poplars with a circle of weeping willows. The 
poplars should not be more than 12 feet apart, and should form on^ 
central figure ; if spread out singly the distinctive feature of a spiry 
column will not be secured. 

Similar effects may be secured with groups of evergreen trees. The 
balsam fir is admirably effective as a center to a mass of lighter col- 
ored evergreens, owing to its heavy, dark hue. The Scotch pine and 
the Austrian are well adapted, both in color and form, to accompany 
the balsam fir, and the beauty of finish can be added by introducing 
the wavy branchlets of the hemlock spruce. 

7. Plant with regard to autumn coloring and the introduction of flower- 
ing trees. — The cheerful appearance of flowering trees should be made a 
point of attraction in any arrangement of groups or masses. These can 
be introduced under any system, as they are mainly trees of the third 
class, such as dogwood, Judas tree, Virginia fringe, silver bell, etc. 
Their appropriate position is on the margin of groups, and an occa- 
sional dogwood planted where its white flowers will be displayed 
against a darker color of evergreen will brighten the early summer 
scenery. The dwarfer growths of spirceas^forsythia^s^ deutziaSj cydoniaSy 
and other species of flowering shrubbery may be so introduced, with 
the finest effect. 

In arranging trees for the^purpose pf producing strong contrasts 
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from the changing colors of autumn foliage there is a wide field for the 
artist. 

The most conspicuous colors are the scarlet of the sour gum, red 
maple, wild cherry, and some of the oaks, and the yellow of the hick- 
ories, tulip tree, sugar maple, and others. The dogwood and sassafras 
are also decided in their fall colorings. 

The beauty of groups will greatly depend upon their definiteness, 
distinction, and separation by expansive open, green lawns. These 
grassy openings are the lights of the natural picture, while the trees 
and vegetation furnish the shade. The error of too much planting is 
frequent and disastrous in its effects. The open, clear, well-kept lawn 
shoald largely predominate, for, as Bacon remarked 300 years ago, 
"there is nothing more pleasant to the eye than green grass kept finely 
shorn." 

ON DRAINING LANDS. 

The statement is sometimes made that draining is of but little use in 
a climate where hot dry suns and dry weather are so common ; that in- 
stead of trying to get rid of the water we should rather try to retain it; 
but those who reason in this way do not seem to be aware that the pur- 
pose served by draining land is the removal of superfluous water only, 
and not that of extracting all the available moisture which it contains. 
Every variety of soil has its relative degree of porosity or power of re- 
taining moisture. Peaty or mossy soils, which are mainly composed of 
organic matter in different stages of decomposition, are very porous, 
and in consequence absorb water readily and in great quantities. Clay 
soils, on the other hand, being close and compact, absorb water slowly 
and to a limited degree as compared with the first mentioned. Draining 
a peaty soil will not deprive it of porosity. It may be likened to a sponge, 
which will retain all the water which may be poured on it until its 
pores become filled; afterwards the water will drop from it as fast as it 
is poured on. So it is with draining soil; no water will escape by the 
drains until the soil is saturated and is unable to contain any more ; 
then the superfluous water passes off by the drains, leaving the land 
always in a condition for healthy plant growth, which is completely 
reversed when the superfluous water is only removed by the slow and 
chilling process of surface evaporation. 

Clay soils can not be cropped to their best advantage until they are 
drained. The ordinary operation of plowing has a tendency to form a 
hard surface at the bottom of the furrow, which in time becomes com- 
pacted and acts as a basin holding water. Soils of this kind are well 
designat-ed as cold. The heat of the sun can not warm the soil until 
the water is first removed by evaporation, a process which produces 
cold ; so that, in addition to the impracticability of putting in crops early 
in spring, every heavy summer rain cools the earth, and the plants 
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growing in it receive a series of checks in their progress towards matu- 
rity. Draining removes all these evil consequences. 

Briefly, it may be stated that some of the advantages of draining are 
the removal of saperflaoas water from the soil, thus keeping the tem- 
perature of the earth near the surface at its normal state. This makes 
early planting possible, and hastens the growth of the crops; it equal- 
izes the temperature of the land; it equalizes the moisture of the soil, 
and growing plants are thus, to a great degree, exempted from the 
evils which follow either deficiency or excess of rainfall ; the roots of 
plants are more generously supplied with soluble food carried down by 
rains; the formation of plant food is increased by admission of air to 
the soil; the land is more economically worked, and cultivation suffers 
less interruption at all seasons, and, as a consequence, crops are in- 
creased to their maximum production, at least so far as they are de- 
pendent upon the physical condition of the soil, a factor of equal impor- 
tance with that of its chemical constitution^ and one which is greatly 
underestimated. 

SOWING SEEDS AND RAISING YOUNG PLANTS OF FOREST 

TREES. 

Seeds should be sown as soon as practicable after they are ripe. 
They will vegetate sooner if sown immediately after being gathered 
from the plant than they will at any other time. Exposure to the air 
hardens their outside coverings, which tends to prevent germination, 
so that the time required for a seed to germinate after being sown de- 
pends greatly upon the amount of drying and exposure to the air to 
which it has been subjected since gathered from the plant. But it is 
not always practicable or convenient to sow seeds immediately after 
they are gathered. Some ripen so late in the season that they can not 
be sown Immediately on account of frost ; therefore the alternative is to 
preserve them in the best manner to retain their vitality and facilitate 
speedy germination when sown. Among those which do best when 
"sown in the fall are the seeds of the peach, cherry, chestnut, hazelnut, 
walnut, hickory, oak, horse-chestnut, Judas tree, hackberry, yellow 
locust, Osage orange, and the magnolia. These mostly form very hard 
shells when exposed to the air for a length of time, and are afterwards 
very slow to vegetate. If they have to be kept over winter for spring 
sowing they should be kept from the air by mixing them with dry sand, 
and kept in a cool, ventilated shed or cellar. If kept damp and warm 
they will either vegetate prematurely or decay- Acorns are specially 
liable to lose their vegetative power by exposure to dry air. They can 
be best preserved by spreading them on the surface of the ground in 
the open air and covering them with 1 or 2 inches of light soil or sand, 
but no water should be allowed to lodge around them, otherwise decay 
is certain. 
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There are some seeds that ripen early in sammer and will not keep 
well, consequently have to be sown immediately when gathered so that 
the young plants may attain some size and strength before winter. Of 
these the silver maple, elm, and poplar may be mentioned. Silver- 
maple seed is usually ripe in May, and if then sown young plants from 
2 to 4 feet in height will be produced before winter. 

Small see<ls, and those which are light and chaffy, such as seeds of 
the alder, birch, sycamore, paulownia, mulberry, and tulip tree, as 
also some, of the later-ripening winged seeds, as the sugar maple, 
negundo, and the species of ash, should be gathered when ripe, and 
spread thinly in an airy, shady situation to partially dry, then stored 
in coarse bags in a cool place until wanted for sowing in spring. Larch, 
pine, and seeds of coniferous plants generally should be kept in a 
fiimilar manner during winter. Seeds of the tulip tree should be sown 
very thickly, as they are mostly very imperfect. 

To succeed in raising healthy plants it is essentially necessary that 
the seed should be sown in deeply worked loamy soil. It should not 
only be deeply pulverized, but also as rich and fertile as it can be made. 
No half-way measures should be tolerate in a thoroughly good prepara- 
tion of the soil; as a general rule there is altogether too little account 
made of this greatest source of success, and numerous failures at rais- 
ing plants from seeds are clearly traced to the use of poor, thin soil, 
while the want of success is attributed to the poor quality of the seeds, 
or reflections are cast upon the reliability and good faith of those who fur- 
nished them. The most convenient method for after culture is to sow in 
drills. The distance between the drills will be guided by circumstances. 
If hand culture only is to be employed, 18 inches apart will be a good dis- 
tance for most tree seeds, although some of the finer or smaller kinds and 
such as require several years' growth before the plants become large 
enough for removal may be placed closer. All the pine family belong 
to this class. The depth of covering will also be regulated by the size 
of the seed and to some extent to the kind of soil and the situation. On 
sandy soils the covering may be deeper than when the soil is liable to 
form a crust on the surface after rains. This character of the soil is 
not well fitted for raising young plants in dry climates, unless mins 
can be prevented from beating on the surface immediately above the 
seeds. Acorns and the larger kinds of nuts should be covered with 
about 2 inches of soil, and if this covering is composed of light mold 
and sand, somewhat firmly pressed over the seeds, moisture will be 
secured more uniformly, and the young shoots will meet with no im- 
l^ediment in their growth ; a slight covering of short straw or chaff* may 
be used to great advantage if carefully removed after vegetation has 
started. Chaff is an admirable covering for seeds, and only the most 
slender growths will require its removal. 

Light and small seeds, such as those of the birch, catalpa, paulow- 
nia, and mulberry, should be sown on the surface of the soil, which is 
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afterwards raked evenly and smoothly without disturbing the regularity 
of the seeds, and this will afford sufficient covering. By passing alight 
wooden roller over the surface a finer pulverization will be given, and 
the pressure will tend to preserve the moisture of the soil from rapid 
evaporation. A. finely pulverized, firm surface acts as a substitute for 
mulching. 

The ordinary care given to crops, such as weeding, hoeing, or merely 
loosening the surface, will be necessary when the young plants appear 
above the soil, so as to encourage their growth. There are various 
kinds of hand cultivators now in use which answer an admirable pur- 
pose in removing weeds from young plants that are in drills, especially 
on light soils, and even on tenacious soils they can be used to advantage 
when the soil is softened from previous rains; but judgment is required 
in selecting the best time to work on these soils ; if tramped upon when 
wet they become caked and lumpy ; on the other hand, when stirred at 
the proper time they «an be finely pulverized. 

Very small seeds can be sown in boxes and covered with glass, or 
otherwise protected against rapid evaporation. Such coverings may 
be removed when the young plants have sufficient roots to supply 
moisture to the leaves. 



MA.KING AND KEEPING LAWNS. 

To have a perfect lawn it is absolutely necessary to have it properly 
laid down to begin with. The primary requisite is the proper prepara- 
tion of the ground. There is nothing that can be done to the soil with the 
view of making it proii uctive and in the best condition for plant growth 
that is not necessary to be done to soil intended to support a permanent 
green lawn. Draining, deep working, manuring, and thorough pulver- 
ization are all requisites to the best degree of success. In preparing a 
lawn of any great size, where it is practicable to use a plow, the work 
should be done with exact thoroughness. It will in all cases be best 
to work the ground in autumn if it is of a clayey character. It should 
be turned over as deeply as practicable, and asubsoil plow should follow 
ilk each furrow, breaking up but not turning over the subsoil, nor 
bringing any of it to the surface. Subsoiling is often so slovenly per- 
formed that it is of but little benefit, but it is of so much importance 
that special care should be given to its proper execution, so that it be 
something more than a mere scratching of the ground. In the imme- 
diate preparation of the surface previous to seeding in spring, the ground 
should again be plowed over so as to turn under any of the poorer portions 
of subsoil which may have been brought to the surface by the previous 
deep plowing. This is very important where the subsoil is at all of a 
clayey, adhesive nature, as a surface soil of this character prevents the 
uniform growth of the young grass plants, and becomes hard and com- 
pact on the surface, destroying the grass even after it has vegetated. 
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Previous to tbis shallow plowing a dressing of barnyard manare shoald 
be s]:)read on the sarface and covered. This may be sabstitnted by an 
application of bone fertilizer of not less than 500 pounds to the acre, 
harrowed in just before sowing. After sowing, a light harrow should 
be run over it, followed by a roller to press the seed into the soil, but 
DO rolling should be given to clayey land unless it is thoroughly surface 
dry at the time. 

The one best grass for a permanent lawn is the blue grass (Poa pra- 
teims)^ and under favorable conditions of soil and weather no addition 
is needed. But the seed of this grass is rather slow to vegetate and, if the 
sarface becomes hard and compact before the young plants make their 
appearance there will be much loss. The best general mixture, after 
various trials with other kinds and mixtures of grasses, is to mix 2 
bushels of blue grass, 1 bushel of red top {Agrostis vulgaris) j and L quart 
timothy {Phleum pratense) for I acre. This is a heavy seeding, but ex- 
periments show that there is a gain in rapidly securing a thick sod by 
seeding thus heavily. Some prefer to add about 1 pound of white clover 
to the above, which may assist in forming a dense lawn, but the best 
lawns are those in which white clover is not to be found. The practice 
of sowing oats, barley, or other grains with the grass seeds, under the 
impression that these latter plants will protect and foster the young 
grass plants from sun and drought, is altogether wrong and ruinous to 
a young lawn. It may be asserted that no good lawn was ever pro- 
duced in one year where grain crops are sown with the grasses. Yet the 
practice is continued, and continued disappointments follow. When 
the mixture of grasses just given is sown in a proper manner about the 
early part of spring, the grass will be ready for the lawn-mower by the 
middle of June; after two or three weekly cuttings the lawn will have 
the thickness and appearance of old sod. But when the oats are sown, 
they will be cut over once or twice until their stubble dies, and the few 
weak grass plants which have struggled into existence will succumb to a 
week of dry, sunny weather ; then weeds take the place of grass, and the 
lawn will have to be renewed by additional sowings. While it is true 
that a good lawn can not be produced unless everything has been prop- 
erly prepared, it is equally true that a good lawn can not be maintained 
without proper attention to mowing and fertilizing. Lawn-mowing 
machines are now so cheap and efficient that the catting of the lawn is 
merely a mechanical operation, and one requiring but little skill in its 
performance, and the numerous fine lawns now everywhere to be seen 
are, in a great degree, due to the introduction of these machines. 

When a lawn becomes thin and the growth of the grass declining in 
vigor, the best treatment is to apply a heavy dressing of well-rotted 
stable manure daring the latter part of December. It is important that 
manure for this purpose should be well rotted before being used, and 
as occasion offers during wintor it should be broken up and harrowed 
or raked, so as to distribute it equally over the surface and settle down 
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and Doarish the grass. When spring opens, all the roagh and strawy 
portions should be removed; otherwise it will interfere with the action 
of the mower. 

Bone-meal is one of the best applications that can be given to a lawn. 
The practice of allowing the cuttings from the mowing machine to re- 
main on the lawn is, upon the whole, very injurious. With newly- < 
formed lawns it is of some value for one or two cuttings ; after that iti 
tends to injury. 

SPRING AND FALL PLANTING OF TREES. 

The relative advantages of spring and fall planting have given rise 
to many opinions, and it is not strange that a wide difference in opin- ; 
ion should be held on the questiou, since so much of success or failare, 
depends upon the season, locality, and other attendant circumstauees. 
The influencing agents of vegetation are subject to such vast variety 
of modifications, which can neither be foreseen nor prevented, that no 
isolated observation, however truthfully noted, will suffice as a guide in 
establishing definite rules; and it may be remarked that the many 
seemingly conflicting opinions upon certain points of practice could, in ; 
most instances, be reconciled if all attending facts and circumstances i 
were clearly produced, but these items are difficult to obtain. 

Perhaps the strongest argument in favor of fall planting is the par- 
ticularly favorable peculiarities in the relative conditions ot the soil and 
the atmosphere at that season. Independent of this, it is theoretically 
true that autumn is the best time for removing trees. A plant that has 
occupied its position for several years can not be removed without cur- 
tailing and injuring its roots more or less, but there are certain portions 
of the year when the roots are of a minimum importance to the plant 
It is very evident that they are most essential when the tree is in full 
foliage and vigorous growth, and during this period any redaction of 
roots would be speedily perceptible; on the other hand, when the sea- 
sonable growth is completed and the plant defoliated, the offices of the 
roots are less important. From the above we learn that the best time 
to transplant is between the fall of the leaves in autumn and the burst- 
ing of the buds into growth in the spring or during what is termed the 
dormant season. 

The ''particularly favorable conditions of the soil and air" may now 
be noted. During the mouth of October the soil averages 10^ warmer 
than the atmosphere. This forms a species of natural Lot bed into 
which we place a newly removed tree, the formation of young roots is^ 
encouraged, and before many weeks elapse the plant is well established! 
to withstand the vicissitudes of winter and make an early and vigorous^ 
start in the following spring. The low atmospheric temperature pre- 
vents any growth in the branches, which is so far favorable under the 
circumstances. 

In spring we find these physical conditions reversed ; the soil is then 
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cold, and accumulates heat slowly wliile the air rapidly increases in 
warmth; the buds are excited to growth, new leaves are formed in ad- 
vance of the roots, each leaf acts as a pamp extracting sap from the 
branches and trunk of the tree, which as yet has no active roots to 
supply the demand ; and if evaporation is severe and continued, the 
plant must either succumb or receive such a check as will require the 
whole season to recover. Hence it may frequently be observed that 
spring-planted trees will show a profusion of leaves, apparently vigor- 
ous and healthy, but suddenly wither and decay under the influence of 
clear, dry, and warm weather. 

These, so far, show great advantages in favor of fall planting, but 
there are other considerations to be canvassed before deciding the ques- 
tion. It is very clear that unless planting is performed within a certain 
period the advantage of immediate root-growth will not be secured ; if 
delayed beyond the first week in November, success will be less certain. 
The best period is undoubtedly as soon as the leaves change color, strip- 
ping off the foliage before removal. 

The character of the soil and location will also materially influence 
success. In undrained clayey soils the trees may not get sufficient 
root hold to enable them to resist the throwing-out tendency of alternate 
freezing and thawing, or the young spongioles may be destroyed by 
constant saturation. Again, in very bleak and exposed localities the 
drying winds of spring may exhaust the juices faster than the young 
roots can supply the demands of evaporation. Of course the very evi- 
dent precaution of securing the plant from swaying should be attended 
to ; otherwise many of the young rootlets will be twisted ofli Staking 
may have, to be done where the trees are tall, but it is much pref- 
erable to stay them with a slight mound of soil over the roots, which 
can be removed when of no further use. It will also be of great benefit 
if the frost can be kept from penetrating to the roots. A covering of 
loose material will be a protection, a wise precaution, even on well-es- 
tablished trees. 

In northern latitudes, where the winters commence early and continue 
long and severe, fall planting will not so generally be successful as in 
more temperate regions, except in particularly favorable localities. 
Early spring planting, taking the precaution to prune the branches, so 
as to restore the balance destroyed by the root mutilation inseparable 
from removals, and mulching over the roots, so as to retain moisture 
during summer, will be the most likely auxiliaries towards success. 

Evergreens can, in all cases, be most successfully transplanted just 
as growth commences. When the young shoots exhibit symptoms of 
pushing, they can be removed without risk of failure with ordinary 
care. They may also be removed in August and September, so that 
they can have a good season to furnish new roots before winter. Early 
spring removal of such trees is not advisable, as they have a large 
evaporating surface, which, when subjected to drying spring winds, re- 
quires a constant action of root to maintain life. 
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KEEPING HEDGES. 

One of the principal objections urged against the employment of live 
fences or hedges is the cost of keeping them in efficient repair, for it 
admits of no qualification that anless they receive proper attention 
they will prove to be of bat little value as a fence against live stock. 

Unfortunately, our best hedge plants so far are of strong growth, es- 
pecially when young, and consequently require to be trimmed two or 
three times during the summer, at least for several years after plant- 
ing, and this at a time when farm crops demand attention, so that in a 
vast number of cases the hedge is neglected and soon ceases to be serv- 
iceable. The best hedge plant is one that could be kept by winter 
trimming only, because in that season of comparativ^e leisure it would 
probably receive attention, but with such strong growing plants as the 
osage orange and honey locust, our two popular hedge plants, it is 
impracticable to produce a close fence without frequient summer trim- 
mings. There is one thing, however, which should be put to their 
credit, that after a few years the growth will be less profuse; the weak- 
ening effect of continued summer pruning ultimately weakens the 
plants, so that they become easier managed. This also prevents them 
from sending out their roots to a great distance, so that they do not in- 
terfere with cultivated crops, an evil which soon becomes visible when 
a hedge is neglected and allowed to take care of itself. When a hedge 
gets into a condition that one summer trimming and one winter trim- 
ming will keep it in fairly good condition, the labor and cost is re- 
duced to a minimum. It will also have a tendency to retard the ex- 
uberance of early summer growth, if the winter trimming is delayed 
until after the buds begin to push in spring. This will make a differ- 
ence of several weeks in regard to summer trimming, and will prove of 
some importance when summer pruning is confined to one operation. 

The weakest part of a hedge is always nearest the ground. The cri- 
terion of a well-kept hedge is that of thickness at the bottom ; this 
should also be its widest pnrt, and it should taper upwards to a point. 
Unless this form is strictly maintained, the lower branches will grad- 
ually weaken and ultimately die out, leaving gaps which are not easily 
closed. Hedges which become weak and full of gaps through neglect 
may be renewed by cutting them down in early winter to within 18 
inches or so from the ground ; the plants will then branch out vigor- 
ously, and, by proper pruning, soon be all that need be desired as a 
fence. 

CULTIVATION. 

• 

The great aim of all thorough cultivators is to maintain a continued 
healthy and vigorous growth from the period the seed vegetates until 
the plant reaches its maturity. The word " cultivation ^ may be defined 
as a term whereby we recogu ize those operations necessary to maintain 
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a constant and proper eqailibriam of tbe elements of plant growth. 
Therefore, in order that we should be able to do so understandiDgly,it 
is absolutely necessary that we be thoroughly conversant with tbe prin- 
ciples governing vegetable growth. In tbe absence of such knowledge 
practice is merely empirical. 

One of the prominent operations in culture is that of stirring the 
surface of the soil around growing crops. The soil may be looked 
upon as the laboratory of nature, where her decomposing agencies, air 
and water, prepare the food of plants, and the object of culture is to 
facilitate these chemical operations as far as our knowledge will admit; 
and experience fully proves that frequent forking, loosening, or stirring 
the surface stratum of the soil, thus allowing an unimpeded access of 
air and moisture to penetrate and follow the various ramifications of 
plant roots, is undoubtedly the most essential item in what is termed 
cultivation. 

The efficacy of this treatment depends, however, upon the nature and 
condition of the soil, as also upon the time and mode of performing 
the operation. Unless the subsoil is also porous and permeable, its 
benefits will be comparatively slight. Hence soils that are not natu- 
rally pervious must be rendered so by draining and subsoiling. 

Soils so treated will continue to support vegetation in a healthy and 
luxuriant growth even in long-continued dry seasons. This is owing 
to the facility with which the rain water can penetrate deeply, its 
downward passage being encouraged by the admission of air, and 
when, in addition to drainage, the surface is kept loose and open, the 
rains of a heavy shower penetrate at once instead of passing off on the 
surface, as will be the case when the top soil is compact and the sub- 
soil undisturbed. Clayey and tenacious soils require more careful 
treatment than those of a gravelly or sandy character; these are liable 
to become hardened on the surface after even slight showers. This is 
occasioned by their easy solubility, and good management of such soils 
demand that they should be surface-stirred after every heavy rain. 
Much now depends upon tbe time such stirring is performed. Between 
the softening of tbe surface by rains and its hardening again by sun 
and dry air there is a period when it is in the most favorable condition 
for culture. Here it is difficult to lay down a definite rule, as the prac- 
tice that would be suitable for one soil and climate would be unsuited 
to another differently circumstanced. The principle being understood, 
the practice may readily be deduced. In order to facilitate cultivation 
all crops should be grown as far as practicable on the drill system. 

There is room for improvement in this respect, especially in garden 
culture. Garden crops should invariablj' be grown in drills suffici- 
ently wide apart to admit of deep hoeing and forking. And it may be fur- 
tberremarked that there is a wide distinction between what is frequently 
termed a well-kept garden and one that is well cultivated. Tbe former 
may be kept perfectly clear of weedi3 by tbe use of tbe hoe and rake. 
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every spot smooth and polished, and although vegetation may wilt and 
present a starved and stunted aspect, yet many people would pronounce 
such gardening as perfect. This, however, is not cultivation. Hoeing, 
as understood by a thorough culturist, means more than merely killing 
weeds. He aims at having the soil deeply and thorougly broken up, 
and left loose, rough, and untramped. His criterion of beauty here is 
not influenced by the element of smoothness. 

MECHANICAL PREPARATION OF SOIL. 

The physical or mechanical condition of the soil, its relation to air 
and water, has not received the attention from agricultural chemists 
which its importance demands. They have devoted their investiga- 
tions almost solely to its chemical constituents, seeming to lose sight of 
the fact that the permeability of the soil to atmospheric influences is of 
more importance than the most approved manures. If half the money 
that has been expended upon artificial manures during the last twenty 
years had been devoted to drainage, subsoiling, and trenching, the 
products of the country would have been vastly increased. 

The soil performs various offices towards growth of plants. It serves 
as a basis in which they may fix their roots and sustain themselves in 
position ; it also supplies inorganic food during all periods of their 
growth, and may be looked upon as a laboratory in which many chemic 
changes are taking place, preparing the various kinds of food which it 
is destined to yield to the growing plant. Analyses have shown that 
in most soils the presence of all the constituents of the ashes of i)laDts 
may be detected, though in variable proportions. But the mere pres- 
ence of certain substances in soils does not insure productiveness, for 
it has been shown that crops have failed even in soils possessing all the 
mineral ingredients required, because, although present, they were not 
in a sufficiently soluble state to be available. Thus in wet, clayey 
soils, although containing enough of plant food, the water prevents 
free access to the decomposing influence of the atmosphere, and crops 
perish, not because of a deficiency of raw material, but on account of 
the processes for its preparation being arrested. 

This leads to the foundation of all improvements of such soils, viz, 
draining. It is a remark frequently made by those having no expe- 
rience that draining must be worse than useless in a climate where 
summer droughts are among the greatest calamities against which the 
cultivator has to contend. All who have witnessed the effects of 
draining need not be told that even in soils not particularly retentive, 
draining, in connection with deep culture, will secure a more ample and 
lasting supply of moisture in dry weather and maintain a growing 
vegetation during the most severe droughts. Draining increases the 
capability of the soil for absorbing moisture ; all soils have their cer- 
tain absorbing properties ; like a sponge, they absorb until their pores 
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are filled, and only the superfluous watef that can not be taken up passes 
through the drains. 

Drainingisonly the first step towards improvement. The soil must 
be deeply loosened and pulverized, either bysubsoiling or trenching. 
Either process will be beneficial, and circumstances will decide as to 
which is to be adopted. Trenching involves a thorough reversion of the 
soil of more or less depth, according to its nature and the purposes for 
which it is to be used. Subsoiling is merely a loosening or stirring up of 
the immediate subsoil without reversing its position. When the ground 
IS intended for a permanent crop, such as fruit trees, grapevines, etc., 
trenching may be adopted. The top surface of good soil will then be 
placed where the roots will be immediately benefited by it and the crude 
subsoil brought to the surface, where it can be enriched by the aid of 
manures and the ameliorating processes of cultivation. 

On the other hand, if the ground is to be immediately cropped with 
small seeds, as in some portions of a vegetable garden, a finely pulver- 
ized surface is necessary, and few subsoils can be made available or be 
reduced to that condition while in their crude state. Subsoiling will, 
in such cases, be most advisable, and trenching can be executed as 
crops will admit of the operation. 

The first process, then, towards securing a profitable depth of soil is 
draining ; next, breaking into the subsoil, taking into consideration 
whether, in view of the crops to be cultivated, it will be most immedi- 
ately profitable (of ultimate profit there is no uncertainty) to trench it 
at once or merely break up and loosen the subsoil, admitting water and 
other fertilizing agencies to penetrate, and by a gradual trenching im- 
prove to the required depth. When all this has been satisfactorily 
accomplished manures can be applied to the greatest advantage and 
failures from droughts almost entirely obviated. 

MULCHING. 

This is an auxiliary operation in cultivation that would be more gener- 
ally practiced if its beneficial effects were better understood. 

The objects to be obtained by mulching are twofold, viz, to preserve 
a uniform degree of moisture in the soil during summer, and to protect 
the roots of plants from severe frosts during winter. These conditions 
are obviously important to vegetation, and thej^ can be very efficiently 
secured by covering the surface with a stratum of porous materials, 
such as tan bark, charcoal dust, leaves, or strawy manure, which will 
prevent the surface soil from becoming compact or hard, and at the same 
time assist in maintaining a uniformity in its mechanical texture favor- 
able to the retention of moisture. Air is the best nonconductor, and 
bodies are represented as good or bad conductors just as they are solid 
or porous. Iron is a better conductor than wood, granite stone a better 
conductor than brick, hard-pressed soil is a better conductor than soil 
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that is loose and porous. A hard trodden path is warmer in summer 
and colder in winter than the cultivated ground alongside of it. Wben 
the soil particles are in pressed contact, the condition is favorable to 
rapid conduction ; summer winds passing over such a surface carry off 
the moisture which the heat evaporates, the surface is speedily parched 
dry, and vegetation languishes. 

When the surface is covered with a mulch of such porous materials 
as those enumerated it in effect secures a stratum of air in repose be- 
tween the soil and the causes of radiation and evaporation. In the case 
of recently planted trees, the preservation of a uniform degree of mois- 
ture in the soil surrounding their roots is a great point towards their 
Huccessftil growth, and, other things being equal, they will languish 
or flourish in proportion as this condition of uniform moisture is secured. 

Although muclhing is a very simple operation, yet serious losses have 
occurred from its misapplication. We have seen trees destroyed from 
too heavy mulchings of grass, manure, and tan bark. Before applying 
the mulch to a recently planted tree, if in spring, shape the soil around 
it in basin form, extending the rim beyond the extremities of the roots*, 
by this configuration of surface rains will be retained and, if required, 
artificial waterings can be applied to best advantage. With regard to 
fall planting, the process should be reversed and a slight mound formed 
towards the stem of the plant, so as to throw off the heavy rains of 
winter. Of course such mound should be removed before the following 
summer. 

As already remarked, the principal use of winter mulching is to pre- 
vent frosts from reaching the roots. The best material for this purpose 
is charcoal dust. Where manure is used it should not be thrown close 
up to the stem of the plant, otherwise it might prove a harbor for 
ground mice, which in rough ground or under a coarse covering are 
sometimes very destructive, by eating the bark of young trees. When 
they are troublesome the precaution should be taken to trample firmly 
over the roots and around the stem after heavy snows and keep the 
surface dry and compact. 

In order to be effectual it is not necessary that summer mulching 
should be heavy. When tan or charcoal dust is used a layer of 2 inches 
in depth will be quite sufficient. Grass cut from lawns is very suitable, 
but a mere sprinkling only should be applied at a time. Thick coatings 
promote fungoid growths, which frequently destroy the trees. Fruit 
or ornamental trees that have been transplanted will rarely be much 
benefited by mulching after the first year's growth. The advantage of 
mulching to growing vegetables are equally important. Cabbages, 
potatoes, peas, onions, and other crops will thus be enabled to main- 
tain growth during the driest weather. This covering is not intended 
to supersede stirring the soil, but when plants become so far advanced 
' in growth as to be beyond the hoe and plow, mulching may be applied, 
and those who give it a fair trial on their crops in a dry season will not 
require further promptings to repeat the practice. 
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SITUATIOlilS FOR ORCHARDS. 

From the circumstance that fruit orchards which are situated in val- 
leys and in low, sheltered places are not so healthy and prolific, and 
are more liable to injury from changes of temperature than those situ- 
ated in more elevated and exposed places, it has been argued that all 
kinds of protection and shelter to fruit trees should be condemned as 
injurious, and that the coldest and bleakest positions on northern slopes 
are greatly to be preferred for fruits. This is probably going from one 
extreme to another. It is conceded that one of the very worst situations 
for a fruit orchard is in the rich land of a contracted, sheltered valley, 
for in such a position the trees are subjected to great extremes of tem- 
perature; a difference of 20 degrees is not uncommon between the 
temperature of the valley and that of a point on the hillside 60 feet 
above it during periods of severe frosts. It is very evident that such a 
site would be of the worst selection, and, so far as topography is con- 
cerned, the elevated northern exposure would be greatly preferable; 
but, a sufficiently elevated site once selected, it does not follow that it 
should not be judiciously sheltered, locally, from the exhausting effects 
of arid or cold winds. The benefits of local shelter are well known, and 
should not be confounded with the evils which follow a bad selection, as 
above stated. 

ORCHARD PLANTING. 

It is a common observation that the outer rows of trees in established 
orchards are ffner and more productive than the trees in the interior 
plantation. This superiority is all the more conspicuous if the orchard 
is bordered by cultivated fields, and it is fair to presume that the extra 
luxuriance is owing to the trees having a greater extent of unoccupied 
soil for the ramification of their roots. Something is also undoubtedly 
due to the greater space available for the expansion and spread of the 
branches ; but it is in accordance with all experience in the cultivation 
of plants that a rotation of crops is absolutely essential towards secur- 
ing the best results of the fertility of the soil. Keeping these facts in 
view, it is suggested that an improvement upon the present method of 
planting orchards would be gained by planting two rows of trees from 
18 to 25 or more feet apart, depending upon the nature of tbe trees, 
and alternating the plants in the rows. Then allow a space, varying 
in extent from 300 feet to any greater distance, before planting another 
series of rows, and so increase the plantation as far as may be desired. 
The intervening spaces between these double rows of trees would be 
available for the cultivation of the ordinary crops of the farm. The 
roots of the trees would not only participate in the benefits of cultiva- 
tion, but would also have practically unlimited room for extension 
before meeting with other roots of their kind. Immediately under the 
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trees and for a distance on each side of tbe rows as far as the branches 
spread the surface could be kept in grass. If not sown down immedi. 
ately after planting, which might not be desirable in all cases, it should 
be done after the trees attain a fruit-bearing size, or from five to seven i 
years after setting out. The shelter which will be afibrded to other 
crops by these orchards will be found valnable as a protection from 
winds as well as in forwarding early crops. This method is particularly 
applicable to apple and pear trees. 

MANAGEMENT OF ORCHARDS. 

Whether the land occnpied by orchard or fruit trees should be plowed 
and cultivated, or sown in grass or clover and remain undisturbed, is 
still a frequent subject of inquiry in the correspondence of the Depart- 
ment. The object in planting fruit trees, it is hardly necessary to state, 
is to produce fruit, and that course of general treatment which best 
maintains the trees in a healthy state of growth and at the same time 
keeps them in a condition of productiveness may be considered as being 
good, whether the treatment involves the plowing and cultivation of the 
soil or whether these good results are attained by sowing the orchard 
in grass and keeping the surface covered with sod. It is well known 
that eminently productive and profitable orchards can be shown under 
both of the above systems of management, for the time being. Culti- 
vation or noncultivation are simply expedients to be adopted in gaining 
certain wished-for results; the primary mistake is to attempt to turn 
either expedient into a fixed and unchangeable system. 

It is understood that the processes generally included in the term 
"cultivation,'' such as plowing, harrowing, etc., are all favorable to 
the encouragement of growth in plants, and when applied to fruit trees 
the usual result of increased vigor will be produced. But it is also 
well understood that the greatest vigor of growth is not always com- 
bined with the greatest productiveness of fruit ; on the contrary, it is a 
recognized fact that a tree can not display unusually great vigor of 
growth and at the same time be correspondingly fruitful. On the 
other hand, it is common knowledge that trees growing in poor soil, 
and without receiving cultivation of any kind, will not long continue 
to maintain sufficient vitality to enable them to produce perfect fruit, 
nor, indeed, fruit of any quality. These extremes of poverty and lux- 
uriance are similar, inasmuch as neither condition is the best for 
the production of fruit, and therefore the efforts of the fruit-grower 
should constantly be directed towards a medium between these ex- | 
tremes. When young trees are planted in ordinary good soil, and 
afterwards receive good care, so far as cultivating, stirring, and ma- 
nuring the soil is concerned, they usually make strong growths. It is 
well to encourage ibis luxuriance at this stage of their existeucCi the 
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only precaution being to guard against an immature condition of wood 
when frosts occur. 

Mistakes are sometimes made, in climates where the season of active 
growth is comparatively short, in stimulatiug the plants to such a de- 
gree that the wood fails to ripen thoroughly and the youug shoots are 
destroyed by frosts while in au immature state, givlug rise to various 
diseases^ such as yellows in the peach, etc. When the trees reach the 
fruit-bearing size, but give no evidence of fruit-beariug disposition, it 
may be assumed that their barrenness is owing to excessive growth, 
and it will therefore be in order to adopt some means of checking the 
growth, and, as a consequence, induce the tree to bear fruit. Various 
measures may be pursued to effect this object, but perhaps there is 
none so simple and so easily applied as that of laying the orchard in 
grass. The absence of all culture will speedily cause the formation of 
fruit buds and satisfactory crops of fruit, and so long as this continues 
DO change need be made; but if the trees become weak, from over- 
bearing or from want of nourishment, top dressing of manure will 
again renew their vigor; and, further, if the trees appear stunted and 
do not respond to surface stimulants, the grass may be plowed under 
and a system of thorough culture inaugurated and kept up so long as 
observation determines that it is the best practice to follow. 

The condition of the trees will therefore be the best evidence as to 
whether the orchard should be cultivated or kept in grass. Each 
orchard will answer the question for itself. It is not a question as to 
the advisability of establishing a system based upon either expedient, 
although it is usually and erroneously submitted in that shape. 

PRUNING. 

Pruning is an operation of vast importance in the management of 
trees, and the principles upon which it is founded must be clearly un- 
deistiOod before complete success in fruit culture can be attained. 

Plants left to nature maintain a well-balanced reciprocal action be- 
tween their branches and roots ; and every branch, bud, or leaf that is 
removed must exercise an influence either injurious or beneficial, and 
no one should attempt to remove branches unless thej^ foresee the effects 
and influence of such removals. 

The time of pruning, whether during the summer or during winter, 
will depend upon the object to be attained ; a brief consideration of 
plant growth will assist us in determining this question. 

When a seed is deposited in a suitable germinating medinm, its first 
effort is to send a root downwards in the earth, and then push a shoot 
upwards in the air. The seed contains within itself all the nutriment 
necessary for this process; but as soon as the young plant is so far 
formed, its mode of existence is changed, and it becomes dependent upon 
the soil and atmosphere for future sui»port. 
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The elementary sabstances absorbed by the roots undergo decompo- 
sition through the influence of the leaves, and the material is thus pre- 
pared for further root-growth and extension. The roots have no inherent 
power of extension, but are dependent upon the health and action of 
the foliage; and although in germination the roots are first formed, 
their growth is due to the action of the foliage of the plant that pro- 
duced the seed from which they emitted. 

It is, therefore, apparent that the increase in size of the plant, the 
quality and quantity of its secretions, and the extension of its roots are 
all dependent upon the healthy action of the leaves. 

When it is considered how essential the foliage is to the healthy de- 
velopment of the plant, we may well pause before infringing upon the 
reciprocal action nature has established between the roots and branches, 
for it is evident that every branch or leaf removed has an effect either 
for good or for evil upon the plant. The correlative action between 
the leaves and roots being so intimately connected, it follows that any 
mdiinution of leaf growth during the period of active vegetation must 
retard root development. Hence it is an axiom, now becoming recog- 
nized, that summer pruning weakens growth, while winter pruning 
produces a contrary effect. 

Summer pruning can be useful where wood-growth is to be checked, 
and it will be repressed in proportion to the severity of the removal of the 
foliage. Fruit trees, when planted in a generous soil, frequently attain 
a luxuriance incompatible with a fruitful habit, and their flowering may 
be somewhat hastened by judicious pruning or pinching, so as to retard 
wood-growth; but care must be exercised, and much observation and 
experience are requisite before the object can be safely attained. 

Winter pruning invigorates wood-growth. When a portion of the 
branches of a tree is removed after the fall of the leaves, the balance of 
growth is destroyed and the roots have the preponderance ; the re- 
maining buds will now shoot forth with increased vigor — an important 
consideration with trees or vines that have become weakened from over- 
bearing or any other cause, imparting new vigor to weak and sickly 
plants. 

The time for winter pruning may be regulated by the condition of the 
plant; if pruned immediately after the leaves fall or ripen, the shoots 
will be stronger the succeeding season than they would be if the opera- 
tion had been delayed until spring. This arises from the fact that dur- 
ing winter the plant still continues to absorb food by its roots, which 
is distributed over the branches; and as the principal flow of sap is 
always directed to the extreme points of shoots, the highest buds are 
most fully developed. If, therefore, pruning is delayed till spring, tbis 
accumulation is cut and thrown away, and to that extent the plant is 
weakened. Early winter pruning is eminently advantageous to native 
grapes. As the retained bads become charged with sap during winter, 
they start and advance rapidly — a matter of much momeut where the 
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summers are rather short for ripening the frnit and wood of these 
plants. 

There is a tendency in many varieties of trees to form strong central 
growths at the expense of the side branches, more especially while the 
plants are young. Pruning these strong shoots in winter only increases 
the evil, unless summer pruning is attended to by pinching out the ends 
of every shoot before it gains sufficient headway to injure the growth 
of the lower branches. Strong growths should be pruned in summer 
and weak ones in winter. In the management of hedges, where uni- 
formity of growth is all important, this rule should constantly be kept 
in view. 

When the size of a tree is the only object sought, summer pruning 
should not be practiced. But it may be said that pruning of any kind 
is a negative operation, and probably it is within the limits of possibility 
that trees may be trained to any form and maintained in a fruitful con- 
dition without any instrumental pruning whatever, unless to remedy 
disease and casualties. It is much easier, for instance, to rub off a bud 
in May than it is to cut out a branch in December; and if a judicious 
system of disbudding and pinching was strictly followed there would 
be no occasion for winter pruning ; or, were it possible to place a tree 
in sach a soil, and under such conditions that it would only make a 
moderate growth of well-matured wood, little, if any, prunning would 
be required. But as all of these conditions are difficult to realize in 
in happy combination, we have to resort to pruning, and a knowledge 
of the principles involved will materially assist the operator. 

EEMAEKS ON PEAE OULTUEB. 

The value of the pear as a domestic fruit is second only to that of 
the apple. For culinary purposes the latter is probably more highly 
esteemed, but for the dessert the pear is almost universally held as 
much superior. The pear tree is hardy and attains to a great age, 
greater, it is conceded, than the apple, notwithstanding the popular im- 
pression that it is subject to more casualties and is not so enduring. 
History proves that the pear is of very ancient cultivation, although 
it has not been so largely or so generally planted as the apple; various 
reasons may have influenced this discrimination, the most prominent of 
which are the greater care required in harvesting the crop, and the 
difficulty of keeping and ripening the fruit to its highest degree of per- 
fection. Even at the present time the management of the finest varie- 
ties is far from being generally understood. The prevailing opinion 
that the tree is constitutionally tender, and more subjected to diseases 
and casualties than other fruit trees, has undoubtedly exerted a strong 
influence against its extended culture ; but, however much these rea- 
sons may have gained credence in the past, ihey have now lost their 
efficacy, and many extensive pear orchards have been planted during 
the past fifteen years, and their number is constantly increasing. 
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SITES AND SHELTER OF PEAB OBOHABDS. 

Low BitaatioDS should be avoided on account of the greater extremes 
of temperature prevalent in valleys than places of moderate elevation, 
and the consequent probability of injury from late spring and early 
winter frosts. A sloping hillside, contiguous to a well-defined valley, 
forms the choicest orchard site, not only for pears, but for other fruits 
as well. To insure the greatest advantage from position the trees 
should not be planted lower than within 100 feet of upright elevation 
from the lowest point in the valley. The cold air will then settle dur- 
ing the night in a stratum below the trees, and the warm air accumu- 
lated in the lower ground during the day will be pressed up to the 
higher altitude occupied by the orchard, and thus afford considerable 
protection in cold nights. 

The obvious necessity of shelter to pear orchards has led, in some 
instances, to the mistake of selecting low grounds for their apparently 
well -protected position, which, for the reasons given above, are the 
worst possible localities. Contrasted with valley planting, even what 
might be termed bleak exposures have the preference, and the unsatis- 
factory results attending orchards in low protected grounds has led to 
a supposition that shelter is injurious rather than beneficial. 

The addition of shelter to an otherwise judiciously selected site is 
altogether different from endeavoring to secure it by choosing a low 
situation. The efiicacy of protection is now generally well understood, 
especially by those who attempt pear culture in regions that are com- 
paratively treeless. Even the White Doyenne, the famed Virgalieu, or 
butter pear, worthless in exposed situations, is produced in all its pris- 
tine excellence where the tree is protected, as may be seen in many old 
gardens in cities, where this variety is very common. 

The shelter required is not so much to repel or alleviate mere ther- 
mometric cold as it is to arrest evaporation and its accompanying ex- 
haustion of vitality, by checking the rapid and penetrating action of dry 
winds. 

Evergreen trees afford the most perfect shelter in the least space. A 
single row of Norway firs, Austrian pines, or other equally hardy ever- 
green trees will give shelter for a considerable distance ; thickly planted 
belts of deciduous trees will also render effective service. How far 
apart these belts and hedges should be placed, and in what direction 
they will be most useful, will depend upon the surroundings and local 
specialties. As the best mode of draining the field will depend upon 
its surface undulations, so the best mode of sheltering will be guided 
by the general aspect and position of the orchard. 

SOIL. 

The pear will exist in a variety of soils, but attains greatest perfec- 
tion in clayey loam. Even on stiff' clays the tree will grow and pro- 
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dace very satisfactorily under the atuelioratiug influences of the prep- 
aration and culture which such soils require. Draining first and 
subsoiliug afterwards are the chief requisites for gradual amelioration ; 
in short, while a water-soaked clay is the most utterly worthless of all 
lauds for the growth of any crop, a properly drained and aerated clay 
soil is by far the most valuable, and only requires careful manngement 
to render it available for the best productions of the orchard, farm, or 
garden. The prominent precaution in managing a clayey soil is never 
to work on it while wet, but only when it is dry to friability. No expe- 
dient or process of culture will compensate for the injury sustained by 
working clay soils during summer, when saturated with water; the 
injury can not be remedied except by a winter's freezing, which will 
again produce friability, under proper treatment. 

Soils of a sandy or gravelly character are not well adapted to the 
pear. In these soils, so variable in their degree of moisture, the trees 
ripen prematurely and drop their foliage if the weather proves dry 
towards the end of summer; then, in the event of moist weather fol- 
lowing a period of drought, a late secondary growth will be produced, 
which, failing to mature, induces a tendency to blight, and predisposes 
to other diseases. Surface dressing of compost, repeated cultivation, 
or constant mulching will counteract, to some extent, the ellects of 
uncongenial soil for the pear roots, but where it is impracticable to 
select any but a thin gravel or sand for the growth of t"his fruit, the 
dwarf tree is preferable, as the roots of the quince can be confined to 
a small area, which may be prepared and maintained to meet all the 
requirements of growth. 

PLANTING. 

Where the soil has been prepared by deep tillage it will not be neces- 
sary to dig holes deeper then required to merely cover the roots of the 
plants. In heavy soils that have not been prepared in the most thorough 
manner the holes should be made wide rather than deep. In gravelly 
subsoils pits may be dug 18 Inches in depth, the surface soil and the 
subsoil being thrown out at opposite sides, and filled in equally until 
the proper height is reached for setting the plant. In either case about 
a bushel of compost, made up of leaf mould, rotted manure, and light 
soil, if carefully spread around the roots, will form an admirable root- 
ing medium; this should be finely pulverized and rather dry than wet 
when used. 

Deep planting and shallow planting are the injurious extremes in 
setting trees. The plain and incontrovertible rule is to set the plant 
so that the point from whence the stem and roots proceed in opposite 
directions will be about 1 inch below the surface of the ground. It is 
infinitely better to plant so that future surface dressing may be re- 
quired to cover the swelling, exposed roots, than to have them buried 
below the ready influence of atmospheric heat and air. 
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HDLCHINa. 

The preservation of a proper degree of moisture in the soil surround- 
ing the roots of the tree is the principal object of culture during the 
first summer after planting. Both the kind and amount of care will 
depend upon the nature of the soil and the condition of the weather; 
something will also depend upon the first preparation of the ground. 
Where the soil has been drained, deepened^ and pulverized, and the 
surface is loose and mellow, nothing further will be required than 
merely to prevent a growth of weeds. If the surface is tenacious, fre- 
quent stirring, especially after rains, will probably suffice, bat where 
the soil is shallow and largely composed of sand or gravel mnlching 
will most effectually accomplish the purpose. 

Any loose material will answer for a mulch, such as coarse manure, 
strawy litter of any kind, or short grass cut from lawns. Where a few 
trees only are to be cared for, tan bark and refuse charcoal dust are fre- 
quently employed. Mulch should not be applied before the middle of 
June, unless the weather proves very dry and warm previous to that 
time, and on clean ground it may remain during the following winter, 
or be renewed if exhausted; but in rough, soddy ground, where field 
mice may lurk, the soil around the trees should be thoroughly commi- 
nuted and kept clean and compressed. 

CULTURE. 

The best mode of treating the soil in pear orchards is an important 
question both in regard to the health of the tree and the production of 
fruit. Laying aside all special circumstances, it appears evident that 
the condition of the plants will indicate the treatment required. The 
object being to maintain health and encourage fruitfulness, the measure 
of successful accomplishment of these conditions will greatly depend 
upon the knowledge of the principles governing vegetable growth pos- 
sessed by the cultivator. When the trees are young the chief object is 
to encourage judicious growth by employing expedients known to favor 
vegetable extension, such as the application of manures, breaking up 
and pulverizing the soil, surface stirring, and other similar operations. 
By judicious growth is meant a luxuriance not incompatible with matur- 
ity, and as this will depend upon climate and locality it is evident that 
a discriminating knowledge of cause and effect will largely influence 
success. In northern latitudes, where the season of growth is confined 
to 5 months' duration, it will be impossible to mature the same amount 
of wood that can be produced on trees in a locality having 7 months of 
growing season. In the latter case stimulating applications may be 
used with the best effects that would only tend to dissolution in the 
climate of short summers. The great desideratum in fruit culture is 
ripened wood ; all useful cultivation begins and ends with this single 
object in view, and is the criterion of good or bad management. 
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To cultivate or not to caltivate is a qaestion to be determined by 
climate and condition of soil. Where it is deemed advisable to 
encourage growth it will be proper to employ such appliances of culture 
as are known to produce that result ; and again, when ample luxuriance 
is secured, and the tendency is still in that direction, all surface culture 
should be abandoned and the orchard laid down in grass, cultivation 
to be again practiced when the trees indicate its necessity. 

PRUNING. 

The pear tree is usually a victim of excessive pruning. It is pruned 
in winter to make it grow, and pruned and pinched in summer to make 
it fruit. Why it is that the pear more than other spur-bearing fruit 
trees should be supposed to require so close and continued pruning 
does not appear of easy explanation. It is evident that this immoderate 
pruning is not followed by satisfactory results, for while apple, plum, 
and cherry trees fruit with abundant regularity, with but little atten- 
tion to pruning, unfruitf ulness in the pear is a frequent cause of com- 
plaint, especially with those who pay the strictest attention to pruning 
rules, showing clearly that successful pear culture is not dependent 
upon pruning alone. While it is perhaps equally erroneous to assert 
that pear trees should not be pruned at all — an extreme which no ex- 
perienced cultivator will indorse — it is worthy of inquiry whether un- 
pruned trees do not exhibit a better fruit-bearing record than those 
which have been subject to the highest pruning codes. Pow far the 
proverbial liability of the pear to suffer from blight may be due to the 
interference and disarrangement of growths caused by summer prun- 
ing it may not be possible to decide, but the tendency to late fall 
growths, and the consequent immaturity of wood which is thereby en- 
couraged, is well known to be of much injury and greatly conducive 
to disease. Perhaps no advice that has been given is so fruitful a 
cause of failure and disappointment in fruit culture as that embodied 
in the brief sentence, *' Prune in summer for fruif 

The physiological principle upon which this advice is based is that 
which recognizes barrenness in fruit trees as the result of an undue 
amount of wood growth, and that, in accordance with acknowledged 
laws, any process that will secure a reduction of growth will induce 
frnitfulness. The removal of foliage from a tree in active growth will 
weaken its vitality by causing a corresponding check to the extension 
of roots, but the removal of the mere i>oints of strong shoots has no 
palpable effect in checking root growth, the roots proceed to grow and 
the sap seeks outlets in other channels, forming new shoots, which in 
no way increase the frnitfulness of the plant. 

While it may be confidently stated that, as a practical rule, easily 
followed, and of general application, summer pruning for fruit can not 
be recommended except as an expedient rarely successful, it is also true 
that there are certain periods in the growth of a plant when the 
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removal of a portion of tbe shoots woald tend to increase the develop- 
ment of the remaining bads without caasing them to form shoots. Foi 
example, if tbe growing shoots of a pear tree are shortened or pruned 
by removing one- third of their length, say, towards the end of Jane, tbf 
check will immediately cause the remaining buds on these shoots to 
push into growth and produce a mass of twigs as far removed as may 
be from fruit-beariog branches. Again, if this pruning is delayed until 
August, and the season subsequently proves to be warm and dry, the 
probabilities are that the remaining buds will develop into short spur- 
like shoots^ from which blossom buds may in course of time be formed ; 
but if the season continues wet, and mild and growing weather extends 
late into the fall, these same shoots will be lengthened into weakly, 
slender growths, which never mature, and are of no use whatever. 
There is no certainty as to the proper time to summer prune, becaase 
no two seasons are precisely alike, and trees vary in their vigor from 
year to year ; and yet this uncertain, indefinite, and constantly experi- 
mental procedure is the base upon which the advice to ^' prune in sum- 
mer for fruit " is founded. 

The pear tree, in fact, requires very little pruning, and that only so 
far as may be necessary to regulate branches in either of two exigencies- 
In the first place, when the young tree is placed in its permanent posi- 
tion in the orchard its roots will be greatly disturbed and many of them 
destroyed; it will therefore be expedient in this exigency to abridge 
the branches, so as to restore the balance of growth that existed between 
the roots and branches previous to removal. 

This pruning at transplanting has its opponents on the theoretical 
grounds that, as the formation of roots is dependent upon the action 
of leaves, it must follow that the more branches and leaves left upon a 
plant the more rapidly will new roots be produced; but there is one 
important element overlooked in this reasoning, namely, the loss of sap^ 
by evaporation, which speedily exhausts the plant, while it has no active 
roots to meet the demand. The proper practice is to reduce the branches 
so as to give the roots the preponderance, and many kinds of trees 
can only be successfully removed by cutting the stem off close to the 
ground. 

If the tree has been pruned close back at planting, the first summer 
will develop the foundation for a well-balanced, symmetrical plant, but 
as this result depends upon a good start, it is well to keep an eye on 
the young growths during the first season, and if any of the shoots 
appear to be developing to the detriment of others equally necessary 
for future branches, the points of such shoots should be pinched off, 
but in doing so, let there be as small a removal of foliage as possible, 
the object being not to weaken, but merely to equalize growth. As a 
general rule no advantage will be gained by pruning any portion of the 
shoots after the first season, unless in the case of weakly trees, which 
will be strengthened by pruning down in winter. The removal ol 



59 

branches during the sammer weakens growth, but when a portion of 
the braaches are removed after growth is completed, the roots, not 
having been disturbed, will have the preponderance, and the number of 
bads being diminished, those that are left will receive increased vigor. 

It should never be forgotten that theie is nothing more certain than 
that by shortening in or pruning back the ends of shoots, either in sum- 
mer or winter, the fruit-producing period is retarded and the fruit- 
producing capabilities of the trees abridged. Fruiting spurs will not 
ibrm where the growths are constantly interrupted and excited by 
pruning; but after the third or fourth year, young shoots will, in the 
majority of cases, become covered with fruiting spurs the second year 
after their formation, if left to their natural mode and condition of 
growth. Of course this refers to trees in soils of moderate fertility, 
grown in a climate favorable to the plant. 

The only pruning then that is really essential after the plant has be- 
come established will be confined to thinning out crowded branches ; 
and this forms the second exigency for pruning. If low-headed trees 
are preferred, those branches that have become destitute of fruiting 
spurs near the body of the tree may be cut out and a young shoot be 
allowed to take the place of the one removed. There will be no lack of 
young shoots for this purpose, as they will be reproduced from the base 
of the cut branch, selecting the strongest and best placed to occupy the 
vacancy, if such occupany is desired. This mode of cutting back 
branches will be more particularly essential in the case of dwarf pears, 
as the quince roots are unable to support a tall, heavy-headed tree, but 
in all other respects dwarf pears should be treated the same as standards. 

INFLUENCE OF STOCKS ON GROWTH AND QUALITY OF FRUIT. 

In comparing remarks and observations made by different cultivators 
with reference to the merits of varieties, their growth, productiveness, 
size, and quality of fruit, and other characteristics, there is found so 
great a disparity as to lead to a supposition that different varieties are 
being discussed under the same name. No doubt this is occasionally 
the case, but the difference caused by the influence of the stock upon 
which they are worked is frequently to blame for these discrepancies. 
Every nurseryman is aware of the great irregularity of growth in plants 
of the same variety ; they may have been grafted at the same time on 
stocks of equal size, planted on the same day and in the same soil, yet 
their comparative growths will vary considerably; so much difference 
exists that the plants will be classed into two or more sizes and held at 
different valuations. Although the vigor of growth is thus varied, the 
habit of the variety is not changed, the upright form of growth will still 
characterize the Buffum, and the spreading habit of the Rostiezer will 
remain with each individual of that variety ; but in a plantation of fifty 
of any sort there will be some weak growers and an occasional speci- 
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men that after 1iiig:ering ou in a sickly condition for several years will 
finally be removed. 

It is reasonable to expect these diversities in the growth of stocks 
produced from seed, and the influence they impart to the graft, but it 
is seldom that allowance is made for the many peculiarities that may 
andoubtedly be traced to this cause. This is still further confirmed by 
the more uniform growth of dwarf pears, the stocks of which are pro- 
duced from cuttings or layers, and are consequently of more uniform 
vigor, being an extension of one individuality instead of the separate 
individualities of seedling plants. 

BLIGHT. 

The greatest drawback to extended pear culture is the disease famil- 
iarly known as blight. The predisposing cause of this malady has not 
been specifically determined ; the active cause of dissolution is known to 
parasitical fungi. This much, however, experience seems to confirm: 
that trees placed in positions and under circumstances of soil and cli- 
mate that insure a growth of moderate vigor, which growth shall become 
perfectly matured and solidified before the advent of winter, are so sel- 
dom attacked by this disease as to be, for all practical purposes, exempt. 

A safe practice, and one that will probably become general when 
further and extended experiments prove its value, is to cover the body 
of the tree and all the principal branches with a wash, formed by plac- 
ing 1 peck of lime and 4 pounds of sulphur in a vessel and adding suf- 
ficient boiling water to slack the lime. If the white color is objection- 
able it can be changed to any other more suitable. The spread of the 
fungi on the bark of trees has been arrested by timely applications of 
this mixture. 

DISTANCES APART FOR PEAR TREES. 

The opinion is now becoming prevalent that close plantinsr, so that the 
trees shelter each other, is advantageous. For standard trees, 18 feet 
apart is considered a good maximum, and 10 feet for dwarfs. These 
distances preclude the practicability of using horse-power in the culture 
of the soil, at all events after a few year's growth, which, all things being 
considered, may be regarded as a step in the right direction. 

NATIVE GEAPES. 

It is very generally conceded that the culture of native grapes is not 
so promising a remunerative industry as could be desired. New varie- 
ties, some of them possessing merit, are still being announced, but there 
is no improvement in their adaptability to general culture in ordinary 
localities. It was formerly the custom to compare the grape zone, as it 
was called, to that of Indian corn, which was intended to convey the 
idea that where this crop would mature the native grape would also 
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reach maturity. So far as heat and cold are involved in temperatures, 
this criterion is probably nearly correct, the amount of heat necessary 
to insure a crop of corn being also sufficient to mature most of the va- 
rieties of cultivated grapes which have been derived from our native 
northern species ; but the numerous failures in profitable grape cul- 
ture prove that other factors besides those of heat and cold have an im- 
portant influence upon the health of a vineyard. 

To those who are conversant with the history of the progress of grape 
culture in the United States for the past 30 years and have acquainted 
themselves with the cause of varying failures and successes, it must 
seem difficult to account for the fact that grape-growers in general have 
been slow, and apparently unwilling, to recognize the true reason for 
most of the failures which occur. In some of the earliest reports of the 
Department of Agriculture the statement was dwelt upon that the 
greatest obstacle to complete success in grape culture could be referred 
to the deterioration of the plants consequent upon the injury they sus- 
tained from mildew on the leaves. This explanation of failure was not 
generally considered as conclusive. Both grape growers and authors 
of treatises on grape culture, especially the latter, usually referred fail- 
ures to some other cause or causes, which were expressed by the phrase 
''improper treatment," and this was considered a sufficient answer to 
all inquiries regarding failures. 

This profound explanation was generally accompanied by the further 
advice that by giving vineyards " proper treatment" they would be ex- 
empt from failure or loss. When called upon to define " improper " and 
"proper" treatment, the answers would be often contradictory, and 
more frequently unsatisfactory. This want of recognition of the true 
source of trouble has been greatly against progressive grape culture. 
Varieties ot grapes much lauded for their superior qualities have been 
procured at great expense and extensively planted, the result only add- 
ing another disappointment to the planter. The main cause of failure 
has been frequently pointed out, and from time to time the Department 
has published lists of those varieties best adapted to general culture, 
as also those which require special localities, and further experience 
has borne conclusive evidence of the value and accuracy of these re- 
ports. It was distinctly shown, and it is now clearly admitted, that the 
distinguishing feature of a good grape climate is that where there is 
entire absence of mildew on the foliage or on the fruit of the vines. 
While making this statement prominent it is not forgotten that heavy 
losses are occasioned by rot in the berry. This disease is not, however, 
confined to varieties subject to leaf mildew, but it is equally prevalent 
in those which are rarely attacked by it. We need no stronger proof 
of the influence that the presence or absence of mildew on the leaves 
of our native grapes has upon the determination of their value than 
to turn to the list of the varieties which are most extensively cultivated, 
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wheo it will be found that they are valaed more becaase of their free- 
dom from disease thao from the qualities of their fruit. 

Again, it is clearly ascertained that the most fatal species of mildew 
is caused by dampness, so that the further statement may be made that 
where we find a locality in which grapes are specially remunerative we 
will find that its climate is characterized by the absence of heavy dews. 
It is only in these latter localities and under their special conditions 
that the best varieties afford a profitable return. Where heavy dews 
prevail during the summer months it has been found unsatisfactory to 
cultivate such varieties as the lona, Walter, Eumelan, Diana, Groton, 
Delaware, Oatawba, and others of first excellence. Partial success may 
sometimes be attained, owing to local conditions of protection and shel- 
ter; and, as has long been thoroughly demonstrated and reported, all 
these varieties can be grown to perfection when they are protected from 
heavy dews, either by artificial or natural expedients, such as those 
of covering the trellis upon which they are tied by a canopy of boards, 
canvas, or glass, or by allowing the vines to grow up in trees whose 
foliage will protect that of the vine. 

But little further progress can be attained in the culture of the grape, 
either for table use or for the manufacture of wine, until a distinction 
is practically recognized between the species and their varieties which 
are severally best suited for these respective purposes. In Europe, 
where all the cultivated grapes are said to have been produced from one 
species, the varieties are numerous, but they are divided into distinct 
classes based upon their values as regards suitableness for wine, for 
table use, or for drying into raisins. 

In the United States we have several distinct native species, from one 
or other of which have been originated all the varieties now in cultiva- 
tion. The only classification of these which has been presented look- 
ing to the arrangement of varieties under the species from which they 
have been produced will be found at page 81 of the Report of the De- 
partment of Agriculture for the year 1869. An attempt was there made 
to draw attention to the most valuable peculiarities ofthe different spe- 
cies, peculiarities which are more or less inherited by the varieties which 
have originated from them, as also the climates to which they seemed 
best adapted. Since then some attention has been given to the signifi- 
cance and importance of the points embraced in that classification, bat 
the subject is still unrecognized by the majority of those engaged in 
grape culture. 

The idea that our native grapes would be more rapidly improved by 
securing hybrid kinds between them and the foreign sjiecies has long 
been entertained; and, although it has constantly been argued by some 
that no good result could be obtained, yet of late years much attention 
has been directed to this mode of improvement, and, as was to be ex- 
pected, varieties of very superior merits have been produced, many of 
them equal to the best of the foreign varieties, in flavor as well as in 
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appearance, bat no variety so produced haA yet proved able to maintain 
itself as worthy of general cultivation ; in fact, they are altogether un- 
reliable except under conditions where even foreign grapes can be raised 
with a good degree of success. This is much to be regretted, but it is 
nevertheless the trath that nothing of value and reliability has by this 
means been added to our list of hardy grapes, and all experience, so 
far, in this direction only tends to prove the wisdom of the advice given 
many years ago that the line of improvement should be confined to 
hybridizing our native species with each other, and by selection ulti- 
mately procure varieties of reputed merit both for table use and for the 
manufacture of wines. But this improvement can not be systemat- 
ically pursued unless accompanied by a very distinct and clear under- 
standing of the respective merits of American species. * 

Until quite recently varieties of the fox grape ( Vitis labrtisca) have 
mostly been produced, and these have been recommended and culti- 
vated both for wine and table use, and but little attention has been 
given to the improvement of other species, notwithstanding that the 
summer grape (Fi^i« cestivalis) and its varieties have vastly superior 
merits as wine grapes. No better evidence of this fact need be desired 
than the estimate given to these wines in foreign countries. Most of 
the American wines which have been specially recognized at foreign 
expositions have been the products of this class of grapes. But the 
ultimate value of these grapes will not be realized until vineyards of 
them are established in localities where they can be ripened. They 
require a longer warm season than suffices for varieties of the lahrusca 
family; consequently they are not successfully grown in localities where 
the improved fox grapes are most largely cultivated, and for that reason 
the summer grapes are but little known, and in the localities where 
they may be produced in perfection the culture of wine grapes has not 
yet become an established industry. 

Among the best known varieties of this eminently wine-producing 
species mqy be mentioned the Lenoir, Herbermont, Devereaux, Alvey, 
Gynthiana, and Norton's Virginia Seedling. These varieties yield wines 
of very high excellence and of varied qualities. But they can only be 
grown to perfection in certain locations in the States of North Carolina, 
Virginia, and other States having similar climates. 

It therefore appears probable that in the further improvement of 
hardy grapes these peculiarities of species and the purposes for which 
they are best adapted must receive more attention than has hitherto 
been given them. 

GR APES—MILDEW. 

In some of the earlier reports of this Department much attention was 
given to grape mildew, its causes and preventions, with practical deduc- 
tions based upon extended observations on the subject. 

In the report for 1865 mildew is characterized as '^ the great obstacle 
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in the way of extended grape culture," and a summary of some points is 
made as follows : 

The Peronofipora, or mildow, which attacks the leaves on thoir under surface, is 
encouraged by the atmospherical conditions acccmpanying dull, cloudy weather, 
with occasional showers; or when heavy dews are deposited in positions where the 
rays of the snn can not penetrate, or at least where the moisture can not readily 
be evaporated. That, so far as is known, no peculiar constitution of soil or mode of 
soil culture has any influence on its prevention. That, so far as is known, no mode 
of pruning or training, except so far as they agree with the next paragraph, has 
any effect in warding off the disease. That shelter and protection by covered trel- 
lises, or masses of foliage, will greatly modify if not entirely prevent injury from 
mildew. 

The distinguishing peculiarity of a good grape climate is, primar- 
ily, that of an entire absence of mildew on the foliage. The pres- 
ence of water or moisture on the leaves is necessary for the extension 
of mildew, therefore the best grape climates in this country are those 
of greatest immunity from dews. 

A covered grape trellis was described in the Patent Office report 
for 1861. A trellis similar to that described was erected in the garden 
of this Department in the spring of 1863. The grapevines grown on 
this trellis were entirely free from mildew on the leaves and from rot iu 
the fruit, and many varieties ripened under this protection that failed 
to mature on common trellises a few yards distant on account of the 
failure of the leaves during summer from mildew. The philosophy of 
the action of protection in this particular case seems to be its tendency 
to arrest radiation of heat, thus protecting the foliage from the cooliDg 
effects of night temperatures, which in turn prevents condensation of 
atmospheric moisture on the leaves, thereby checking, to a certain 
extent, the predisposing cause of mildew. 

In experimenting with registering thermometers it was found that 
during clear, still nights of July, an exposed thermometer, projecting 
four feet from the covered trellis, would mark from 6^ to 10^ lower 
than would a thermometer fastened to the trellis; the foliage being 
thus kept warmer and drier on the protected plants, mildew was in real- 
ity prevented. It was also found that the fruit ripened on protected 
vines some time before that on vines not protected. 

It would therefore appear that the best grape climates or localities 
would be those where dews were light or altogether absent. Such lo- 
calities can be found. Indeed, it may be observed that wherever native 
grape culture has become popular and extensive it is in localities where 
exemption from heavy or frequent dews prevail. The localities maybe 
found either surrounded by large bodies of water or on hillsides at cer- 
tain elevations. 

The influence of large bodies of water in ameliorating climates is 
well authenticated, and is often turned to practical advantage in frnit 
culture. Briefly stated, the water accumulates heat as warm weather 
\ revails, which is radiated at night, and its influence is felt on vegeta- 
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tion in islands, which may occur as well for a considerable distance in- 
land from the margin of the water. The presence of this stratum of 
air is evidenced by the absence of light frosts during late ftill, and the 
freshness of vegetation as far as the heated atmosphere extends, while 
immediately beyond its influence a wintry aspect prevails. 

In this case the cause of exemption from cold also prevents the for- 
mation of dew, and is so far favorable to the healthy growth and free- 
dom from mildew of the grape. 

Again, in districts where hills and valleys are closely and distinctly 
defined, there are, at certain elevations on the hillsides, a zone 
or belt where dews are not known and where frosts are modified. The 
width of this belt varies according to the degree of cold and, to some 
extent, configuration of surface, but it exists in all countries that are 
traversed by high mountains and deep valleys. Several years ago, 
when collecting data on this subject, a correspondent in Macon County, 
North Carolina, wrote as follows: 

The frost line is not permanently fixed at any particular height on a monntain, but 
takes a higher or lower range according to the degree of frost that produces it ; 
within the space of 11 years its maximum height has been 300, and its minimum 
height 125 feet, vertical. Another fact ascertained is that there is no fixed dew line 
on onr mountain sides, but that it gradually abates as you ascend, and at the height 
ot* 300 feet the dew is too light to produce either rot in the berry of the grape- 
vine or mildew on its leaves. Hence we understand why the thermal zone is both 
warm and dry. I will not venture to say that the grape will never rot within the 
limits of that zone, but I can say that the Catawba grape is altogether unreliable 
when planted in onr low valleys, but where the vines are growing on the slopes of 
the mountains they have not failed to ripen their fruit for more than 30 years, whether 
the season was wet or dry. It is a fact that all attempts to cultivate the grape in 
our low damp valleys have utterly failed, the plants invariably being destroyed by 
mildew on the leaves, while the few vines that grow upon the small farms lyiiig 
high up on the mountain sides have ever matured their fruit in the greatest perfec- 
tion. 

In view of these facts, I say confidently that any well-conducted effort at grape 
culture will succeed, whether it be upon the slopes of our Alleghanies or upon the 
mountain sides that skirt the valley9 of more northern States, and all that is required 
to insure success is to ascertain where this warm belt is, and to plant the vine within 
its limits. 

In the report of the Department for 1867 mention is made of the 
great success in grape culture in the region near Hammondsport, Steu- 
ben County, New York. Here the Catawba and other late grapes ma- 
ture and reach remarkable perfection, taking the latitude into consid- 
eration. These vineyards are mostly on hillsides extending for several 
hundred feet above the valley and surface of Keuka Lake. The soil is 
a drift formation, and the surface is thickly covered with loose shale. 
The marked adaptability of this locality for grape culture may b^ 
attributed to its elevation and nature of the soil. The general elevation 
of the land prevents the deposition of heavy dews, and as it is supple- 
mented by the heat absorbed during the day by the aboundiog stony 
surfaces, mildew is unknown, and the growth proceeds u^cheofeed until 
28681 5 
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it is arrested by frost. There is a happy combination of favorable con- 
ditions y the soil is of a character that insures a healthy bat not over- 
lazuriant growth ; the young shoots commence to mature at an early 
period daring the summer, and when they cease to lengthen they are 
brown and hard up to their extreme points. Then the fruit is fully 
ripened, and the quality is of the best, for thoroughly ripened grapes 
can not be gathered from immature growths. 

I consider this matter of selecting good grape-growing localities as 
of the greatest importance at the present time. In all localities where 
mildew prevails successful grape culture can not be realized without 
constant vigilance in the application of correctives and preventives, 
and even these can not always be depended upon. Failures will occur 
ander the best management where the environments are inimical to 
best success, and in no event can an imperfect climate compare with a 
perfect one. In view of the fact that perfect localities for grape culture 
can be selected under climatic conditions of the most favorable char- 
acter for the protection of the best vines, the subject can not be too 
strongly urged for the consideration of cultivators of the grape. 

4 

PEOPAGATINQ NATIVE GKAPBS. 

For the past few years most of the grapes raised in the garden have 
been propagated in beds in the open air. Hard, well-ripeued wood is 
selected and made into cuttings, which are each about 4 inches in 
length. Whether the cutting contains one bud or eye, or more, is not 
important, and if a single eye can be obtained with 3 inches of wood 
attached, it is considered a good cutting, although lengths which are 
under 3 inches are looked upon as uncertain should the weather during 
the early portion of summer prove to be hot and dry. 

The ground is prepared by turning it over to a depth of 12 inches in 
the fall, leaving it as rough as possible, so that it maybe efiTectually 
permeated by frosts. As early in spring as the ground can be worked 
the surface is carefully forked over and broken up as minutely as prac- 
ticable ; it is important that the soil should be deeply pulverized. 

Previous to inserting the cuttings the surface, is further broken by 
using a rake having iron teeth 4 inches in length. This operation does 
not merely consist in raking over the surface, but in pushing the rake 
to and fro to the full length of the teeth, so as to thoroughly comminute 
the soil as deep as they will reach. 

The beds are marked off in breadths of 10 feet, with 3 feet wide alleys 
between. The cuttings are inserted in rows across the beds; they are 
placed about 2 inches apart, and the rows are formed about 6 inches 
from each other, so as to admit of a narrow hoe to be run between 
them. 

To avoid tramping on the soil a wide board is used to stand upon 
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while planting the cuttings. The whole of the cutting is pushed into 
the soil, so tliat the upper bud or end (the cutting being closely cut 
above a bud) is level with the surface. 

The bed is afterwards covered over with a layer an inch in depth, 
consisting of a light friable soil ; pure sand may be used if nothing 
better can be procured; a mixture made of one part of sand and one- 
half rotten tan bark is preferable to the pure sand ; swamp muck, dried 
and pulverized, so that the finer portions of it can be secured by sifting, 
forms the very best material for this purpose. In the garden of the 
Department the sweepings of the streets are sifted and used with good 
results. 

When the buds of the cuttings commence to swell an additional half 
inch or more of the covering is evenly distributed over the surface. The 
young shoots push vigorously through the surface dressing, and it 
serves as a mulch to retain moisture during summer. Although the 
cuttings are rather closely set, owing to the limited area of the grounds, 
yet the largest portion of the plants are sufficiently strong for perma- 
nent planting when 1 year old. 

FOREIGN GRAPES IN GLASS STRUCTURES. 

The simplicity and certainty with which the foreign grape can be 
produced in glazed houses is not generally known. Many amateurs, 
whose success with other fruits is quite satisfactory, feel doubtful of 
their ability to manage the exotic grapery. 

To those whose only acquaintance with the subject is derived from 
perusing publications on the growth of the fruit the supposition of in- 
ability is pardonable, for there is certainly much to appal the beginner 
in perusing the various ideas of soil and border making, the conflicting 
opinions relative to watering, and the multitudinous, fussy details of 
management which he will find in print. 

So much has been \Aritten of late years on this subject that it would 
not now be referred to were it not with a hope that information might 
be imparted that would tend to dispel the idea of difficulty or mystery 
in connection with the culture of this, without exception, most economi- 
cal of fruit productions. It is well known that in favorable locations 
the Chasselas, Black Hamburg, and many other of the varieties of the 
foreign grape will occasionally produce perfectly ripened fruit with no 
further care than that usually given to the Isabellas, or any other 
native variety. But although the result may occasionally be reached, 
it is well known that all attempts to cultivate the foreign grape in the 
open air east of the Rocky Mountains have sooner or later proved abor- 
tive. 

That those failures are attributable either to a deficiency of sunlight 
or to a deficiency of summer heat are questions easily answered} for 
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we find that in the climate of Britain, where the dall, sunless days are 
more abundant, and the summer heat of less intensity and of shorter 
duration than with us, the Hamburg and other exotic grapes ripen 
yearly trained on outside walls and trellises, and this in a climate where 
the heat is not sufficient to mature Indian corn, tomatoes, or even 
peaches in common field culture, as with us. Neither can it be sup- 
posed that our own summers are too hot or our winters too cold, as it 
is well known that there is scarcely any plant that will not withstand 
extremes of summer heat and winter cold so well as the grape pro- 
vided it maintains good health. But, unfortunately, there are climatic 
conditions here during which the grape is rendered subject to the 
attack of fungoids, by which its growth is checked, the wood prevented 
from maturing, and a general debility engendered which enfeebles the 
plant to a degree that sooner or later ends in its total destruction. 

This tendency to mildew is, then, the only obstacle in the way of 
successful open-air culture in this section of the best wine and table 
grapes of Europe, and is the only reason why glass structures have to 
be employed in their culture, where an artificial temperature, more in 
accordance with their requirements, may be maintained. The tendency 
to mildew in the foreign grape having been found so great a barrier to 
its extended culture in the open air, recourse was had to glass houses, 
where protection could be afforded and means adopted for the exclu- 
sion of this malady ; but in many cases even here succesA has nob been 
equal to expectations. The mistaken eagerness of many to keep the 
plants in an artificial instead of a natural condition has led to frequent 
failures. It appears very obvious that a plant which occasionally suc- 
ceeds in the absence of any particular protection would be enabled to 
do so uniformly by a very slight additional care, provided that this 
additional care was bestowed in the proper direction; and that such is 
the case has been proved beyond a doubt. 

Having on another page of this report treated more particularly on 
mildew and its origin, it may suffice to remark here, that it is altogether 
dependent upon the amount of atmospheric moisture and proper venti- 
lation ; and without proper attention to these points, mildew is just as 
likely to destroy the plants under glass as it would be those in the open 
air. Keeping in view that these remarks are intended to refer to the 
general routine management of what is now more definitely known by 
the term cold grapery, we will briefly allude to what Is considered the 
main points of treatment. 

The principal points, then, are a low night temperature, exclusive top 
ventilation, and the constant presence of moisture available for evapo- 
ration. The baneful effects of a high temperature in plant houses has 
been shown in previous reports. It has been proved repeatedly that 
low or bottom ventilation in a grapery is conducive to mildew, and 
aridity must be prevented by the presence of moisture. 
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tt would require considerable space to enter fully into tbe elucid-ition 
of all the principles involved ; it will, therefore, be considered sufficient 
for the present to briefly trace the course of practice deduced from 
many years' extended observation and experience in the growth of the 
foreign grape. 

As soon as spring growth commences attention is at once directed to 
tbe night temperature, so that it will fall at least 20<^ below the 
average heat in the house during the day. In dull, cloudy weather, 
of course, this ditierence between day and night may not be so great, 
and if the nights are frosty it will be necessary to close the house ; but 
in tbe absence of actual external freezing the ventilators should not be 
wholly closed, even during the night. When all danger from night 
frosts is passed — which will vary, according to locality, from the mid- 
dle of May to the middle of June — the ventilators may be left open day 
and night. During dull, cold weather it may be necessary to partially 
close the ventilation both day and night ; but, as a general rule, the 
same amount is used day and night. We have seen graperies where 
tbe ventilators were never disturbed from the period of blossoming 
until the ripening of the fruit. No constant anxiety is, therefore, felt 
about shutting or opening sashes, and the liability to create sudden 
changes of temperature, that frequent alterations of the ventilators are 
sure to produce, are prevented. The temperature of the house will, 
therefore, participate in the general changes of external atmosphere, 
and though warm during sunlight, will be cool during darkness. Dur- 
ing the warmest part of the summer the day temperature may vary 
from 90O to lOOo by day to 65o to 8()o during the night. This lower- 
ing of temperature- during darkness insures a hardihood of growth 
that enables the plants to endure any unfavorable change that may 
occur, without sustaining the least injury. 

As air is heated its capacity for abstracting and containing moisture 
increases, and unless the moisture is supplied from other sources it will 
be drawn from the plants. To supply this evaporation, the soil in the 
house should be kept damp on the surface. Once a day at least in 
bright weather the soil will require to be sprinkled. It is a good rule 
never to allow the surface soil to be entirely dry until the fruit is color- 
ing to ripen; but it is important to know that, unless in connection 
with constantly night ventilation, this treatment may prove injurious. 

So far as the management of the atmosphere is concerned, this is all 
the care required, and a crop of grapes is thus as easily grown as a 
crop of potatoes, only with more certainty, because more under our 
control. 

With regard to soil, pruning, etc., we will at present only remark, 
that soil capable of growing good cabbages will grow good grapes, and 
the strongest yearly growths give the best fruit. 
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INSIDE BORDERS FOR GRAPERIES. 

It has been strenuously advocated that the soil in which foreign 
grapes are ^rown should be wholly nnder the glass, and many of these 
structures have been so arranged, but not with successful or satisfac- 
tory results. There were two very distinct and seemingly weighty rea- 
sons urged by those who advocated this mode, first, that iu the case of 
forcing houses it was essential to have the soil for the roots in the same 
temperature as the branches; and, second, that in the case of cold 
graperies, when the borders are exposed, the roots are influenced by 
rains during the ripening of the fruit, retarding maturity and inducing 
rot in the bunches. These results may be guarded against by the use 
of inside borders; nevertheless, as ordinarily managed, they have 
proved failures. They are useful to a certain extent where early- 
forced fruit is an especial object of culture. The plants will succeed 
for a few years very satisfactorily, and by a renewal of both plants and 
soil from time to time the practice may be sustained ; but, in the man- 
agement of what are termed cold graperies, the ordinary warmth of the 
soil is all-sufficient; and as far as regards the second consideration, 
viz, the protection of the roots from heavy rains when the crop is attain- 
ing maturity, that may be secured by less costly expedients; light 
wooden shutters have been used for covering the borders, and when 
the surface is sloping a covering of leaves or straw will answer every 
purpose. The main reason for alluding to these borders here is for the 
purpose of noting that where it is practicable to remove the sashes or 
roof, so as fully to expose the border to the action of the weather for a 
period extending from theripeuingof the wood until forcing again com- 
mences, it will tend to maintain the healthy action of the soil for a long 
series of years. Winter rains, snows, and slight frosts are all of great 
benefit, as has been fully realized with an inside grape border in this 
garden. 

THRIPS OF GRAPES. 

For several years the foreign grapes under glass have been (Severely 
injured by thrips. All efforts and expedients to eradicate them have 
been but partially effective. During the early part of the growing sea- 
son the insects could be kept in check, either by fumigations with to- 
bacco, syringing with water in which tobacco had been steeped, or 
spraying the foliage with a weak solution of quassia chips; but when 
the fruit approached maturity, or rather when it commenced to color, 
these applications had to be discontinued, so that the fruit would not 
be rendered unfit for use ; then the insects would increase rapidly and 
injure the foliage so that the fruit became comparatively worthless. 
Further than this, the annual destruction of the foliage before the 
growth was matured was gradually weakening the plants, so that their 
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ntter destrnction was only a question of time unless some means coald 
be adopted to annihilate the insects. 

^ This means has been adopted. It consists simply in covering the 
floor of the honse with tobacco-stems, the refuse of cigar manufactories ; 
this mulching proves quite effectual, as, since the application was made, 
no Ihrips have been seen, and, although the insect has spread consid- 
erably before the tobacco-stems were used, they rapidly disappeared 
after the application. 

' It is perhaps worthy of remark that since using the tobacco mulch- 
ing no sign of mildew has been observed on the grapes. Of course it 
is known that mildew may be avoided by strict attention to ventilation, 
bat in the early part of the season, when the ventilators have to be 
closed at night and opened during the morning, it is not always prac- 
ticable to prevent cold currents of air from striking some portions of 
the foliage, a circumstance which will induce fungus growths on the 
leaves ; not the slightest indication of mildew has been observed since 
the tobacco-stems were sprinkled over the floor. 

PEOPAGATING BY CUTTINGS. 

To be successful in any pursuit it is very necessary that we should 
be conversant with the rationale upon which our operations are 
founded, and in no horticultural process does this apply with so much 
force as in plant propagation by cuttings. 

There is, however, much in connection with this subject that remains 
unexplained. We know not why it is that some plants will propagate 
readily, while others, seemingly of similar structure, with the greatest 
tardiness and difficulty. 

A cutting may be described as a portion of the branch of a plant that 
is removed and placed in a position to form roots, so as to become an 
independent individual, possessing all the properties and being a liv- 
ing representation of the original from which it was taken. Cuttings 
are of various kinds. Young, tender shoots, perfectly matured growths, 
and wood in all stages of maturity intermediate between these ex- 
tremes are used for cuttings. 

The best condition of wood growth also varies with the kind of plant. 
This is a question that can only be ascertained by experiment. We 
know of no external appearance that will indicate the special propor- 
tionate arrangement of the constituents of plants most favorable for 
the formation of roots from cuttings. 

As an extension of roots is dependent upon the previous or simul- 
taneous action of foliage, it is found that in general the best shoots 
for propagation are those possessing a considerable portion of the or- 
ganized matter consequent upon a ripening of wood growth, but in 
which the process of vegetation is still in full operation ; in other 
words, those shoots that have commenced to mature, but are still 
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possessed of healthy and active foliage, familiarly termed << half-ripened 
wood.'' 

The art of ^^ striking " cuttings mainly consists in gaarding against 
the exhaustion of the sap of the shoot by evaporation until the roots 
are formed to support it. 

The various expedients resorted to, such as keeping the cutting in 
close frames, covering them with bell glasses, shading from sun, etc., 
have for their object the preservation of the juices of the shoot 

The reason for the adoption of these expedients being known, their 
necessity in individual cases will be readily understood. The greatest 
care is required in the case of young, tender cuttings, and the least 
with those of matured wood. Cuttings of the latter frequently succeed 
when plant/Cd in the open air without further care or attention. On the 
other hand, a young succulent cutting, furnished with one or more 
leaves, must be carefully guarded against excess of light and aridity. 
Shading from bright sun will be required to prevent the foliage from 
wilting, and its surrounding atmosphere must be sufficiently moist to 
prevent evaporation from its surfaces. 

The great stimulants of vegetable life are heat, air, light, and mois. 
ture, and in the management of cuttings these must be regulated with 
care and precision. 

Under certain conditions, cuttings will grow and will produce a few 
leaves without any attempt at the formation of roots, while under dif- 
ferent circumstances the same kind of cuttings will produce roots with- 
out indicating the slightest symptoms of bud growth. Heat is the 
active stimulant of the vital forces of plants, and when the atmosphere 
by which they are surrounded is of a comparatively higher temperature 
than the soil in which they are placed, the branches are excited before 
the roots receive any impulse. On the contrary, when the soil is warmer 
than the air, the root-forming process will be active, although the 
branches show no indication of growth. Of course neither of these 
conditions can continue exclusively for any lengthened period, for with- 
out a reciprocal action all growth will in time cease. These efifects 
are frequently illustrated in tree planting in spring. Towards the lat- 
ter portion of spring and the early part of summer the air is many de- 
grees warmer than the soil ; the heated atmosphere excites the buds, 
and leaves are developed ; but the recently disturbed roots in the colder 
soil have not yet been excited, and are not in a state to supply the de- 
mands of the foliage, the juicen of the tree are soon exhausted, and the 
promised healthy growth suddenly and hopelessly checked. 

The main point of consideration, therefore, in the management of 
cuttings, so far as mere application of heat is concerned, is to stimulate 
into action the processes carried on in the vessels of the cutting in- 
serted in the soil, while the upward bud growth is retarded. This is 
secured by heating the soil and not heating the air. The rule is that 
cuttings should be kept in an atmospherical temperature as low as the 
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natare of the plant will allow, and the soil in which they are inserted 
should be as high as the roots will endure. The more completely these 
conditions are maintained the greater the certainty of success, and with 
ordinary care few failures need occur. 

^^ Bottom heat," as it is termed, or a warming of the soil, may be at- 
tained by various means. Those whose requirements are extensive 
usually have a structure specially fitted for the purposes of propaga- 
tion, where the soil is heated by hot water either in pipes or wooden 
or cement tanks. The latter mode is perhaps the best; but where the 
quantity desired is limited to the wants of an ordinary flower garden 
or greenhouse no special structure need be necessary. A small hot 
bed, with frame, will afford considerable convenience ; and those who 
have a greenhouse may form one of the best propagating shelves 
by inclosing a portion of the heating channel, whether flue or pipes, at 
the warmest end, so as to form a tight chamber, with the heater pass- 
ing through it. Usually there is a front shelf in greenhouses over the 
heating apparatus, so that by simply inclosing a space below it an air- 
chamber will be formed, where the heat will collect and warm a bed of 
sand or soil laid on the shelf. For all ordinary purposes this will be 
found sufficient, and the space can be enlarged to suit the wants of the 
propagator. 

SOWING SEEDS. 

The Department is frequently in receipt of letters wherein the writers 
complain of their inability to raise plants from seeds distributed by it, 
as well as from those procured from other sources. The cause of fail- 
ure is at once attributed to the quality of the seeds, and the source 
from whence they were obtained is denounced for sending out a bad 
article. It is safe to state that good seeds are the rule, and bad seeds 
the rare exception. So far as the Department is concerned, there is 
proof of their good qualities, as most of them are germinated and the 
plants grown here ; and every respectable seedsman in the country uses 
all the precautions that experience and business competition suggests 
in order to secure seeds of the best quality. The truth is that they fail 
to germinate because they are improperly managed ; and of all the causes 
of failure the most frequent is that of covering them too deeply with 
soil, where they either rot, owing to the excess of water and want of air, 
or the feeble germ is unable to overcome the weight of soil it has to 
move before reaching the light. The proper depth for each seed must be 
judged by its appearance. The rule has been given to cover with a depth 
of soil equal to the diameter of the seed, which is probably as nearly 
correct and as definite as can be reached. The greatest difficulty is in case 
of small seeds, which succeed best when merely scattered on the sur- 
face and pressed into the soil. In the moist atmosphere of a greenhouse 
or similar structure they will do very well; but when sown in the open 
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air expedients must be used in order to keep the earth suitably moist, 
such as sprinkling the surface with chaff, moss, leaves, or straw, taking 
care to remove immediately after the seeds germinate. This will also 
prevent the soil from becoming hard and compact, and thereby obviate 
another cause of failure. It is also a fatal error to sow too early; the 
soil should be dry, friable, and warm in order to excite germinatioD and 
maintain an uninterrupted healthy growth. Unhealthy plants are 
sure to result when heat and moisture are presented in varying quanti- 
ties to the tender germ. 

Seeds that are inclosed in a hard shell vegetate most freely when sown 
as soon as ripe. For instance, seeds of the grape, if planted immediately 
when the fruit is ripe, will vegetate in a tew weeks, but if kept dry 
until the following spring and then sown but few will vegetate until 
they have lain in the soil for twelve months. 

SEEDSAVING. 

Whether it is best for farmers and gardeners to save their own seed 
or make yearly purchases depends very much upon circumstances, or 
rather upon the particular kinds of seeds in question and the manner 
of saving them. Seed-raising is a business which requires skill in cul- 
ture and great discriminating knowledge, which can only be acquired 
by observant practice. As a general rule it is cheaper in the long ran 
to buy seeds than attempt to save them ; this remark applies with 
greater force to the seeds of improved varieties than species which are 
reproduced with more certainty from seeds. It is one of the great arts 
in seed-raising to keep varieties true to their descriptive peculiarities, 
and with some kinds of seeds this requires an amount of attention and 
labor of which the majority of those who purchase seeds have bat a 
faint conception. As an example we will specify the cabbage, and in 
the first place we would remark that it is now held that cabbage seed 
raised near the seacoast is always better than that raised inland ; so 
confident of this are the market gardeners around New York that they 
endeavor to procure their early cabbage seed from growers on the east- 
ern Atlantic side of Long Island. The seed raiser is, as a matter of 
course, very careful as to the seeds he sows for his cabbage crop ; but 
in order that any variety should be maintained as near to its perfection 
as possible, the crop is carefully inspected after the plants have headed, 
and all those that do not come up to the perfect standard in regard to 
compactness, size, shape, and time of heading are destroyed, and only 
those which pass inspection are retained. The seed dealer who acquires 
a reputation for care and accuracy in this matter can sell his seed at 
highly remunerative prices, which may be double the amount asked by 
others for the same variety, but which has been carelessly and indis- 
criminately saved. Varieties must always be grown very widely apart 
for seed, for so far as bees can fly there is danger of crossing with other 
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and inferior kinds. Of course any farmer or gardener who uses the 
same precautious can have similar results, but where the attempt is 
made to grow several varieties in one fiehl the distinctive characteris- 
tics of each variety can not be maintained. 

Climates have also much to do in the matter of seed-saving. When 
seeds are grown in a climate unsuited to their best maturity they will 
perpetuate a weak progeny. For example, the oat plant requires a 
cool, moist climate for its perfect development ; hence seed oats grown 
In a warm, dry climate are very inferior. In countries suited to the 
plant it is not difficult to find seed that will weigh 45 pounds and more 
per bushel. Yet these heavy seeds if sown in the middle States will 
rapidly deteriorate ; no matter how carefully crops maybe managed 
an annual shortage will be found both in the quantity and quality. In 
cases of this kind it is the best economy to procure seeds from the best 
localities, for no efforts towards acclimation will prove of any value. 

But in climates entirely suited to the growth and full development 
of a plant it is possible to gradually improve its qualities by carefully 
selecting seeds from the most perfect plants only, and this is withiu the 
reach of every person who desires to save his own seeds. 

Then the question of cost may be considered. Those who make a 
business of growing seeds can do so much more advantageously in most 
cases than the amateur in this line. We know that tbere is often much 
complaint about bad seeds, but in most instances these complaints have 
originated through bad management in sowing. The most common 
mistakes are those of covering the seeds too deeply with soil and negli- 
gence in firming the surface after the seeds are sown ; rolling the sur- 
face after seeding is one of the most important points in seeding. 

KOTATION m CEOPPING. 

It may be surmised that the necessity for rotation of crops soon be- 
came apparent to the earlier cultivators. They would discover that 
their best efforts in appliances were unavailable in maintaining a con- 
tinuous profitable growth of the same kind of plant on the same soil. 
When soils became unproductive it was supposed that the land required 
rest, hence the practice of fallowing was introduced. Fallowing was 
a common practice among the Romans. It was their usual course to 
allow the land to rest after each crop — a crop and a year's fallow suc- 
ceeding each other. Where manure was applied two crops were taken, 
and on some lands several crops were taken between the fallowing 
periods. It was a very natural deduction that the land required rest 
when observation showed that after successive crops of the same plant 
it refused to grow, although the land had not apparently diminished in 
fertility. 

The agriculture of the {indent Egyptians being confined to the banks 
and lowlands adjacent to rivers, where from annual overflows a rich 
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deposit of mud and sand was left on tbe surface, which formed an an- 
nual hiyer of fresh material, did not include the process of fallowing or 
resting lands, because constant fertility was maintained by the annual 
top dressing which was left by receding waters. 

The practice of resting and fallowing soils, or that of changing the 
crops more or less systematically, has always been tound to be advan- 
tageous, although the reasons fur its necessity have not been satisfac- 
torily explained. 

Various theories have been oflfered by physiologists explanatory of 
the principles upon which the benefits of rotative cropping depends. 
Modern chemistry has shown that plants require 'certain mineral sab- 
stances for their support, and that although the same primary elements 
may be found in all, yet they are found to be in very difterent propor- 
tions in different kinds, some showing a mere trace of a substance which 
may abound in others. These mineral matters being obtained from the 
soil, it follows that if they are not present in sufficient quantities, or do 
not exist in a sufficiently soluble state so as to be taken up by the roots, 
the plant which demands them for its normal growth must suffer in 
consequence of such deficiency; and in regard to specific inorganic 
substances, it is evident that the plant which requires a large percent- 
age of such would fail to succeed where another plant requiring only 
a trace of the substance would maintain a healthy growth. Some 
plants require much potash or soda, some much lime, others a large 
proportion of silica. A rotation which would allow these plants to fol- 
low each other in succesion, or cause one crop which requires only a 
small quantity of any particular inorganic substance to succeed another 
which requires that substance in large amount, would consequently be 
beneficial. 

Taking these facts as a basis, the theory is propounded that the ne- 
cessity for a rotation of crops is caused by the exhaustion of certain 
inorganic substances which, if supplied in due quantities, would insure 
the successful growth of the same plant on the same soil for an indeH 
nite period. But in th^ absence of the knowledge indispensably nec- 
essary for an accurate estimate of the exact quantities required, a sys- 
tem of rotation is not only^ advisable but it is the only resource of the 
cultivator until science determines the exact specific relations \ihich 
exist between the plant and the soil from whence it receives its food. 

The deductions naturally following the above explanation regarding 
plant food led to the supposition that chemical analysis would indicate 
with a degree of certainty the exact line of practice to be followed in 
regard to rotation of crops, or perhaps obviate the necessity for any 
change except that of convenience. This was to be effected by analyz- 
ing the soil and the plant to be grown in it, so that the ingredients 
removed by the latter could be replaced, and thus the fertility of the 
soil indefinitely maintained. But at present there are no indications 
that such accurate knowledge is forthcoming, neither the analyses of 
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soils nor the analyses of plants furnishing the data seemingly neces- 
sary for practical purposes. 

The phenomena attending the growth of certain crops for a series of 
years on the same soil apparently includes certain factors that are not 
readily explained. For instance, it is observed that even in the case of 
snch humble plants as the petunia and verbena, if they are continued 
for a few years in the same ground they will cease to give satisfaction, 
«ven although the soil is annually manured with ground bones, rotted 
stable manure, or other kinds of ordinary manurial applications. In 
flower gardens, when it is desired to grow these plants year after year 
in the same spot, it is found necessary to renew the soil yearly by re- 
moving 6 or 8 inches from the surface and replacing it by fresh earth 
from other sources. 

The same results have been found in the culture of the grape. For a 
number of years past it has been customary for the Department to 
propagate several thousands of plants, embracing many varieties of 
native grapes. These are mostly grown from single-eye cuttings in 
sand beds under glass, and placed singly in pots when rooted. About 
the end of May they are turned out of the pots and planted out in the 
open field rather closely in rows which are about 3 feet apart. When 
they have finished growth for the season they are lifted and removed 
from the field, the ground receives a coating of rotted manure, which 
is either plowed in or worked with a spade, leaving the surface rough, 
to be acted upon by the frost. In the following spring the surface is 
again worked over and the soil placed in good order for planting. At 
the proper period young grapes are again planted as before. These are 
removed at the end of the season, and the ground receives similar 
treatment to that of the previous year. ^Notwithstanding this treat- 
ment the third crop is very indifferent, and if a fourth crop is planted 
it will prove to be an entire failure. 

Experience shows that by selecting a field which has never been 
occupied with grapes the young plants will make an average growth of 
about 4 feet in length the first year ; the average growth of the second 
year will reach about 2 feet ; the growth of the third year will be ex- 
ceedingly weak, the best plants reaching to about 18 inches in length, 
many weak kinds not reaching the length of 1 foot. 

This result of diminishing yearly growths has not been sensibly 
affected by the application of different manures, and the question nat- 
urally arises that if a deterioration of growth becomes so marked in so 
short a time, and with such attention to the soil, what may be expected 
when acres arte closely planted with grapes, as in the case with vine- 
yards, where the entire soil speedily becomes filled with roots ? It need 
not be a matter for surprise if vineyards become unproductive after 
producing several unsatisfactory crops. 

It is well known that nurserymen who pride themselves in maintain- 
ing a high standard of quality in their stQcfe of pear or oth^r kinds of 
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fruit trees are careful not to attempt to grow two successive crops on 
tbe same land. Even after employing all kinds and qualities of ma- 
nures tbat tbeir skill and experience may suggest, tbe quality of their 
young stock will depreciate if grown on the same soil unless long peri- 
ods elapse between tbe rotations. Tbese and facts of a similar kind 
migbt be assumed as an indication tbat tbere may be some as yet un- 
recognized cause tbat exerts an influence in plant nutrition. 

Many years ago tbe bypotbesis was advanced tbat plants secrete or 
form certain matters during tbeir growtb wbicb tbey exude by tbeir 
roots, and tbe accumulation of tbese ingredients in tbe soil exercises an 
injurious influence upon future crops of tbe same plants, but does not 
prevent tbe growtb of i>lants of a different kind. It was even surmised 
tbat tbe exudations of one species furnisbed nutritious matters for a 
diff'M'ent species, and for tbis reason a rotation of crops becomes advan- 
tageous and furnisbes an explanation for tbe benefits consequent upon 
tbe practice. 

Tbe experiments and explanations brougbt forward in bebalf of this 
bypotbesis have not been considered sufficiently conclusive to establish 
a theory upon which to base any definite action, and has not of late 
years been entertained as a factor worthy of consideration in the study 
of plant life or as pertaining to plant culture. And yet every practical 
cultivator must have observed phenomena in the course of his practice 
wbicb appears to be more readily explained upon tbe supposition of the 
formation of some injurious matters than from the exclusive action of 
exhaustion ; and this may occur without conceding tbat there is neces- 
sarily any function of an excretory character in the roots of plants. 

If we attempt to remove a silver maple tree of 3 or 4 years' growth 
from tbe seed we will find that tbe soil closely surrounding the stem 
and circling for several feet beyond it is filled with small fibrous roots, 
mostly dead; active spongioles will be found mainly at tbe extremities 
of the larger or main roots. But if we take a tree of tbe same species 
which has attained tbe age of 10 years and dig similarly around its 
stem, we will not find so many roots as in tbe case of tbe younger tree, 
but instead we will find a few large roots which are destitute of fibers 
except at tbeir extremities. It seems evident tbat there is an annual 
decay of tbese fibrous roots, and it is a question whether the decom- 
position of this mass of fiber may not be obnoxious to tbe plants which 
produced it, and at the same time not be injurious to plants of a difi:er- 
ent species. 

Instructions relative to the removal and replanting of trees are usually 
very explicit in regard to the special necessity of protecting tbe small 
fibrous roots because of their great importance to the future growth of 
tbe plant. In reality these roots are of no value after tbey are sep- 
arated from the soil, as they immediately decay on removal. The 
larger roots, if healthy and tbeir outer bark uninjured, are only to be 
dei)en(led upon for the emission of an abundance of fresh and vigorous 
spongioles. 
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It will be admitted that examples can be found where the same crop 
liHs succeeded mciisurably well on the same soil for a series of years, 
but close observation and accurate comparisons will show that sucb 
iiiHlanees are rare indeed ; but even the successes have not enabled us 
to remedy the failures, and it seems probable that the causes have nut 
been fully explaiued. 

EXPEDIENTS FOR PROMOTING FKUITFlHiNESS IN PLANTS. 

All expedients for inducing early fruiting are founded upon the well- 
known law that excessive growth and great prolificness can not simul- 
tniieously exist in the same plant. Some of the most familiar mode^ of 
Inducing fruit are as under: 

BT DWABFING. 

In horticultural parlance, trees are said to be dwarfed when grafted 
or budded on stocks of weaker growth than themselves. Thus we have 
the pear on the quince, the cberry on the mahaleb, the apple on the 
Paradise stock, the peach on the plum, etc This is a popular and etS- 
cient mode of rendering trees fruitful. Properly speaking, any low 
tree is dwarf ; the term when applied to a system is merely technical. 

BY BBNDINO THE BBANOHES. 
Tbis process practically consists in allowing the branches of a young 
tree to grow undisturbed by the pruning knife for several years until 
Ibe plant attains considerable size ; the young shoots are then beut 
down and secured tj> pegs fastened in the ground. This mode is emi- 
nently adapted for standard pear trees, especially such varieties as 
])is, Bartlett, Sheldon, and others that make long yearly shoots. These 
when bent down soon become studded thickly with blossom siiuis, and 
very ornamental and symmetrical trees can be formed by a little alten- 
tion to the beiuliug and regnlDtiiig the shoots; the pendent form soon 
becomes fixed, and trees so treated are certain to be productive. The 
proper season to commence tying down is the month of August; the 
young wood will then be sufficiently matured to bend, and many of the 
most forward buds will form short fruit spurs, and bloom the following 
spring. Trees and plants of all kinds can be incited to dower and fruit, 
no matter how luxuriant their growth, by careful observance of the 
bending process. Horizontal training is a modification of this system, 
and is a well-known method of encouraging fruitfulness. 

BY PBUNIna THE BOOTS. 
When a tree has reached a fruit- bearing size, and shows no symptoms 
of a fruit-beariug disposition, but instead throws out vigorous brandies, 
root-pruning is a very eOlcacions mode of cheeking growth. In highly 
cultivated gardens, where trees are planted and the roots haie access 
to tb? Ficb>oil|an immense crop of branches will be produced, but 
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little if any frait Boot-praning will chock such growths most effecta- 
ally and render the trees fraitfal. The operation is performed by dig- 
ging out a circular trench at a distance of from 3 to 6 feet from the 
stem, according to the size of the tree, and cutting all the roote that 
are encountered or can be reached. Tbe soil is again thrown back and 
the process is completed. If done in August, the supply of sap will 
immediately be lessened, the wood-maturing principle accelerated, the 
fruit buds formed. The operation has been performed in spring with 
but little benefit, but if done in the fall can not fail in producing the 
desired results. 

Boot-pruning has been successfully applied to young evergreens that, 
in consequence of growing late in fall, are liable to have the points of 
shoots injured by early frost When growth is stopped by root-prun- 
ing the shoots mature sufficiently to withstand the winter without be- 
ing injured. A few years of such treatment when the plant is young 
is found sufficient, as the specimen- will attain hardihood with age. 

BY BiNama the bbanghes. 

This operation is performed by removing a ring of the bark from a 
branch, so as to arrest circulation. This, however, is done with a view 
to hastening the ripening process of fruit, and has long been practiced, 
particularly on the grape vine. It is, however, of doubtful utility, as 
the branch beyond the point of operation is destroyed. It has the effect 
of not only hastening the ripening, but the fruit will be somewhat in- 
creased in size. Orapes produced in this manner are easily recognized 
by their thick skins and the coarse texture of the fruit. 

BY LIMITING BOOT aROWTH. 

The most satisfactory application of the principle is that of restrict- 
ing the growth by confining the roots in pots, boxes, or other similar 
conveniences, as is well exemplified by the great crops produced on 
fruit trees in pots. Florists are also alive to the fact that their flower- 
ing plants will blossom most profusely when the pots become well filled 
with roots. 

IMPOBTANCE OP A UNIFORM SUPPLY OF WATBB IN PLANT 

OULTUBB. 

If there is any one element in plant growth of more importance than 
another it is water. Orops usually fail or succeed in proportion as tbey 
receive an equal distribution or uniform supply of this element. Fail- 
ures are more frequently referred either to a deficiency or a surplus of 
rainfalls than to any other cause. Hence one of the chief essentials to 
culture is to maintain the presence of a proper amount of available 
water to crops, and, as far as practicable, guard against excess on either 
side. And this is entirely within the control of the cultivator. The three 
operations of draining, si^bspiling) and mulching, when properly underi 
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.stood, comprise all the reqairiten of saccess, and enable him in a very 
^reat measure to regard with comparative iudifferenee whether the 
season prove unusually wet or unusually dry ; if the former, the drains 
remove all superfluous water, and the loosening of the subsoil allows 
the egress of water through all its pores, which are speedily filled ; and 
mulching the surface, so as to prevent evaporation, retains the water 
where plants cau reach it, instead of its being rapidly consumed by 
drying winds sweeping over the soil. 

Of all operations relating to soil culture, there are none whose values 
are so well established as these, and yet they are operations to which 
the great majority of cultivators are strangers. Crops may be deluged, 
starved, for want of proper depths of soil, or burned up by drought and 
lieat, yet the well-known remedies against such extremes are practically 
ignored. 

Objectors to draining frequently argue that in a climate subject to 
iongcontinued droughts it is worse than useless, as it would still further 
increase the evils resulting from a deficient supply of moisture. It 
seems not to be generally understood that draining in connection with 
proper culture increases the capability of the soil for absorbing and 
retaining moisture. Place a sponge in a vessel and sprinkle it with 
water; for a time it will all be absorbed, but as soon as the pores are 
filled it ceases to be taken up. Soils act in a similar manner. They 
also have their respective absorbing capacities^ varying of course ac- 
cording to their nature, whether a compact clay or a peaty morass. The 
last is of such an absorbent character as to be called spongy. The ob- 
ject in draining is simply to allow the superfluous water to pass off. 
No water can reach the drains until the pores of the soil are satisfied 
or filled. It is therefore evident that the deeper the soil is drained the 
greater becomes the reservoir of contained moisture, so that on soils of 
gravely or ssmdy nature a more luxuriant vegetation will be produced 
after they are artificially drained. With clay soils this improvement 
is still more obvious ; no good clay soil can be considered in best crop- 
ping condition until drained. Tillage, manures, and seed are to a cer- 
tain extent wasted on the best clays without this fundamental improve- 
ments 

The utility of deepening the soil can not be questioned. In common 
parlance, a good soil is seldom mentioned without the addition of the 
word deep, thus testifying to the value of this property, yet how few 
make any attempt to deepen a shallow soil. The probability of bring- 
ing to the surface a poor strata has been given in argument against 
Bubsoiling. Even if this were the result it would be an additional 
reason in favor of the process, as it would place the soil where it can be 
enriched ; but subsoiling proper only loosens the under strata. Trench- 
ing, which implies a reversal of the soil, may occasionally afford grounds 
for this objection, at least for a time, until it becomes properly amel- 
iorated. 

28581 6 
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Draining and subsoiling therefore increase the amount of available 
moisture in the soil. To keep it there for the benefit of vegetation, and 
prevent its escape by mere surface evaporation/ we have recourse to 
mulching. As it is generally known, this operation consists in cover- 
ing the soil with any loose material, such as straw, wood chips, tan 
bark, etc., and although it may not be practicable to carry out this 
process to any great extent in agriculture, yet in orcharding, and in- 
deed all tree culture, as well as in the case of small fruits, it is a com- 
mendable practice, the advantages of which are well authenticated. 
Especially in newly formed plantations is its great value conspicuous ; 
not only is evaporation arrested, but the soil is secured against the 
compacting effects of heavy rainfalls, weeds are kept down, and root 
growth encouraged. But where it is not expedient to apply foreign 
matter to the surface an ef&cient substitute can be had in the soil it- 
self by simply keeping the surface loose by cultivation. A few inches 
of loose, powdery soil on the surface forms a capital nonconducting 
stratum, and likewise has the great advantage of being easily secured. 

It can not be too often repeated that the three cardinal operations in 
soil culture are drainage, subsoiling, and mulching. 

LIQUID MANUEE FOR PLANTS IN POT CULTURE. 

The importance of liquid manure in general cultivation is acknowl- 
edged, but the expense of its application on an extensive scale, such as 
to farm crops, furnishes a strong reason against its use. 

It is also asknowledged that the liquid state is the best in which stim- 
ulating and fertilizing ingredients can be presented to the roots, as they 
can absorb nourishment only through the medium of water, and all 
matters that enter into the interior of plants must be in a soluble con- 
dition, or so minutely divided as to be carried along with the water 
before they can enter into the vessels of the plant. 

In the pot culture of plants, where the amount of soil is limited, the 
use of liquid manure is of vast service when judiciously applied, but 
much harm may be occasioned by its indiscriminate use. Many persons 
consider it necessary to resort to the use of guano and other solutions 
on sickly plants, and are surprised to find that the application only 
hastens the dissolution of the patient. 

It is only healthy and well-rooted plants that are to be benefited by 
manures, and such as are supplied with hungry roots but growing 
slowly for want of nutriment. Such plants as have been for years in 
the same pot or tub, as we frequently find orange and lemon trees, 
caraelias, oleanders, etc., will be greatly stimulated by the application 
of raanurial liquids during their period of growth. For plants of all 
kinds that have their pots filled with roots it will be serviceable, and 
to such as fuchsias, pelargoniums, cineraries, etc., while in flower, they 
will bloom longer and in greater perfection. But it should be kept in 
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mind that stimalants should not be applied while flower buds are form- 
ing, as it might induce an increased wood growth at the expense of the 
flowering priuciple. 

Manurial liquids may be applied most freely when growth is active, 
discontinued during the foraiation of flower buds, and applied more 
sparingly during the expansion of the blossom. It is a safe rule to 
dilute severely and use the solution in a perfectly clear state. Thick? 
mnddy water will not be of much benefit and stops up the pores in the 
soil, preventing free action of atmospheric gases to the roots. 

Almost any substance that has manurial properties and will dissolve 
readily may be rendered available. Every greenhouse or conservatory 
should have a barrel fitted for the purpose'. If furnished with a false 
bottom or close wire and a tap between it and the bottom of the barrel 
for drawing out the liquid, manure water can be easily prepared. 

FLOWER POTS. 

The relative value of hard-burned and soft or porous flower pots, so 
far as culture of plants is concerned, is a subject of occasional inquir3'. 
Hard-burned pots are not generally esteemed and many persons con- 
sider them unfit for the best results of plant culture, while others find 
no objection to them, and use indiscriminately glazed pots or even 
slate tubs when they can be procured. The only difference seems to 
be that the porous pots require more water than will be found neces- 
sary in the case of hard-burned pots or slate tubs. The porous pot 
will part with much water by evaporation from its sides, especially 
when exposed to the sun or a dry atmosphere. In a dry atmosphere 
the hard, close-grained pot will retain more moisture in the soil. Plants, 
therefore, require water less frequently in the hard i)ots ; and in the 
ordinary greenhouse, where a considerable amount of humidity gen- 
erally prevails, special care will be required in order that, water is not 
given in excess. The same amount of water applied to plants of simi- 
lar size and vigor, some of which are in hard and others in soft pots, 
will speedily show unhealthiness in those in the hard pots. It is per- 
fectly practicable to grow plants equally well either in soft or in hard 
pots, but the details of management are different, and to those who 
are not experts in plant culture the porous pots will be most suitable. 

NIGHT TEMPERATURE IN GLASS STRUCTITRES, 

One of the most prevalent and injurious errors in the management of 
greenhouses and other plant houses is that of keeping the temperature 
too high during the night. With many the aim seems to be to main- 
tain as high a degree of heat during the darkness as during light, a 
practice opposed both to science and the results of experience, and one 
that can not be too severely condemned. 
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It has been observed that plants will lengthen very fast during dark- 
ness in a high, moist atmosphere, and it has therefore been supposed 
that a gain in growth is thus secured; but strictly this is not the fact 
Any extension of growth made under such conditions is at the expense of 
that made during the presence of light, as it is only then that those 
chemical changes are in operation that change the matters absorbed by 
the roots into the woody fiber and other constituents of plants. Conse- 
quently the same quantity of material is simply elongated, as in draw- 
ing out a wire, which may be lengthened without adding anything to 
its structure. 

Plants grown in a nearly uniform temperature under glass seldom 
ripen or mature their wood in a thorough manner; the buds are imma- 
ture and make feeble growth, and the whole plant contracts a delicate 
habit of constitution, which renders it incapable of withstanding the 
slightest neglect without injury, thus entailing great care to keep it, 
even in its sickly condition, and never by any means developing its 
natural capacities. On the contrary, plants constantly subjected to a 
suitable lowering of night temperature are more robust, have short- 
iointed and matured growths, flowers not only expand more fully, but 
remain longer in perfection, fruits better colored and flavored and more 
])erfect in every respect than those developed in an atmosphere of uni- 
form heat and moisture. 

With regard to greenhouse plants, it should be remembered that they 
require no heat during the night further than to exclude frosts. It has 
been stated and urged as a reason for keeping a higher temperature 
that it is necessary' to do so in order to secure a succession of bloom, 
but it had been amply proved that by allowing a more liberal heat, say 
from 70^ to 80^ during the day, that a more profuse crop of flowers 
will be gained than in the more equable conditions insisted upon. 

Another injury consequent upon a high night temperature during 
winter arises from the extraction of moisture from the atmosphere. To 
maintain an inside temperature of even 50^ when the external is near 
zero involves a rapid generation of heat, and as the capacity of air for 
taking moisture increases in proportion to its rise, a great demand is 
made upon the plants and everything in the house capable of giving 
up moisture. The quantity of water thus carried off* may be seen by 
tbe deposition of ice on the inner surface of the glass after a night of 
severe frost. Ice one-fourth of an inch in thickness is often found 
under these circumstances, the result of condensation and freezing of 
the water carried from the contained moisture in the atmosphere and 
from the surfaces of the plants. The parched and unhealthy as|}ect 
of the i)lants subjected to such treatment is sufficient evidence against 
the propriety of the practice. The expense of fuel and labor required 
to maintain this injurious temperature is als/> an imporlaut consider- 
ation. 
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WATERING PLANTS IN POTS, 

"How often shoald I water my plants!" This question is very fre- 
quently asked, and it is a rather perplexing one to answer deflnitely; 
a general answer would be: Never apply water to a plant until it re- 
qaires it, that is until it is dry, and tben apply a sufficient quantity to 
saturate the soil, which will be indicated by the surplus passing through 
the drainage. 

Novices in plant culture usually make the mistake of merely sprink- 
ling the surface of the soil, perhaps daily, without any time applying 
enough water to saturate the mass. Plants can not flourish under 
such conditions ; the surface will appear wet, while the main body of 
the soil is hard and dry. One drawback to properlj^ watering plants 
in parlor and window gardening (to which these remarks are more par- 
ticularly directed) arises from the inconvenience attending the use of 
water in sufficient quantities; another evil is the dryness of the air. 
Both of these obstacles to success can be greatly modified by the use of 
a table properly fitted for the reception of the flower pots or small 
vases in which the plants are kept. This table may be of any required 
size ; a surface of 2 by 3 feet would be suitable for most windows; it 
should be made tight and neatly fitted. A ledge is made by fastening 
a strip 3 inches wide around the edge ; then fill with 2 inches of clean, 
white sand, upon which the plants are placed; lining the table with 
zinc would completely guard against drip. The table should be fitted 
with rollers to facilitate the operation of watering and cleaning the 
plants. With a table of this kind the plants can be watered freely, 
and occasionally sprinkled, without any injury to surrounding objects. 
The sand should be kept constantly wet, so that moisture will be evap- 
orated from it, and thus overcome, in some degree, one of the chief 
obstacles to the successful culture of plants in dwelling rooms — a dry 
atmosphere. 

There are a few general rules with regard to watering plants which 
may be noted. Watering should be preferably applied during the 
early part of the day, especially so in the winter season. Plants in pots 
well supplied with roots will require much more water than those which 
are newly potted or have a quantity of soil with few roots. Plants with 
narrow or small foliage will not use so much water as those with large 
spreading leaves. Plants in the shade will not need as much water as 
will those in the sun ; a damp atmosphere will also reduce the necessity 
of water at the roots. Plants that are growing freely will require a reg- 
ular supply, as they are sensible of a check at this period ; on the other 
hand, plants which are comparatively resting will need but little, and 
the supply gradually diminished as growth is being completed. 

But in cases when water is applied it should be done copiously, and 
when gradually withheld the watering should be less frequent, not less 
in quantity, when it is necessary to make the application. 
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W ATE II PLANTS. 

In iinpronDir tbat part of the grounds formerly occupied by the 
canal advantage was taken of the position to construct a small lake, 
mainly for the purpose of introducing a collection of native water 
plants. 

The ornamental as well as the picturesque efifects of this class of 
plants are mostly quite neglected in modern landscape gardening. It 
is not uncommon to find artificial lakes in parks and pleasure grounds 
wholly destitute of this class of vegetation, and although water surface 
is seldom uninteresting in scenery there is no reason why it should not 
possess all the attractions and sanitary eU'ects which can be imparted 
by the introduction of suitable flowering plants. 

No flower in the garden border can excel, either in beauty of former 
in delicacy, of fragrance, the white water-lily, Nymphcea odoraia; the 
large cup-shaped yellowish flowers, boldly projected out of the water 
on long foot stalks, of the Nelumhium luteum ; and the less showy 
blossoms of the yellow pond-lily, Nuphar advena, in connection with 
the massive spread of the large leaves, especially those of the Nelum- 
biunij which are frequently 18 inches in diameter, produce an eflect 
equal to the best efibrts of the most distinguished artist i*i that i>opu- 
lar formation of "foliage'' plants known as "carpet bedding." 

In addition to the water-lilies, various other interesting species of 
water plants have been introduced and are spreading rapidly in the 
lake. Several of the curiously horned seeds of the Trapa natans were 
thrown in, and in due time the small triangular-shaped leaves made 
their appearance on the surface, neatly arranged in roseate form. Sev- 
eral plants of a tropical Lifnnocharis spread rapidly during the summer, 
and produced abundantly of its yellow flowers. The duck-weed, Lenmaj 
thrown in a sheltered cove, speedily covered the surface with its diminu- 
tive greenery. In deeper water, plants of the eel-grass {Vallisneria 
spiralis) were planted, and in shallow recesses various species were in- 
troduced, as Potamogetan^ Calla, Pontederia^ Caltha, Acorusj Polygonum^ 
etc. On prominent points, tall, reedy plants will be disposed, such as 
Typhas and Spara^aniums^ with CyperuSy JuncuSj and smaller growths 
as marginal plants to the taller central groups. 

A small island was formed, having its surface raised about 6 inches 
above the water level with sphagnum, in which various low-growiugf 
bog plants were inserted, such as the pitcher pXsiut (Sarraceniapurpurea), 
the horse-tail grasses {Eqmsetums), with HabenariaSj and similar low- 
growing forms that are to be found in woody swamps and wet meadows. 

The eflective arrangement of water and bog plants in and on the 
margins of lakes should be as much a subject of artistic study as is the 
arrangement of trees and shrubs in park scenery. This branch of laod- 
scape decoration is wholly neglected, but it is destined to become popu- 
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lar, and it v^ill awaken an interest in an extensive class of plants that 
are bat little know«n and that possess a characteristic individuality of 
form and beauty which, when received in connection with their natural 
surroundings, can not fail to recall pleasant associations to the mind 
compared to which the landscape effect produced by a group of flower- 
ing shrubs will appear exceedingly tame and uninteresting. 

GLAZING GREENHOUSE ROOFS. 

The ordinary method of fastening glass in window sashes is to lay in 
the glass without a putty bedding, secure it with small triangular bits 
of tin, then complete the operation by iilling the outside of the sash-bar 
with putty, lapping it slightly over the glass. When this method is 
applied to greenhouse roofs it causes a great amount of trouble to pre- 
vent leakage. The presence of moisture', which is almost always to be 
found on the inside of the roof during cold weather, and the action of 
frosts and rains on the outside, have a tendency to loosen and destroy 
the patty^ so that an annual overhauling is necessary to keep it in re- 
pair. But there are now very few greenhouses glazed in the above 
manner. The old plan has given place to a more permanent and more 
effectual system so far as regards a tight roof. This plan consists in 
placing a layier of the best putty on the sash-bar, then pressing the 
pane of glass until it reaches a firm uniform bed, and so working up a 
portion of the putty that it will fill all spaces between the edge of the 
glass and the sash bar. After the surplus putty is trimmed off it is 
allowed to dry for a day or two, which will cause it to shrink slightly 
from the wood 5 then a coat of thickish paint is applied, which effectually 
fills up all crevices and makes a perfectly water-tight finish. No putty 
is used on the outside, and consequently there is no leakage from its 
decay ; and instead of tin fastenings the glass is secured by brad-nails 
three-fourths of an inch in length, four to each pane, fastened at the 
corners. 

The popular method of roofing glass structures is what is known as 
a fixed-bar plan. In this plan no framed sashes are used ; the rafters 
are placed about 8 feet apart, their exact distance depending upoji the 
size of the glass, so that, for a neat job, the glass bar will come in the 
center of the rafter. Between the rafters horizontal purlines are in- 
serted to support the sash-bars. The sash-bars are usually made an 
inch and a half in depth and 1^ in width y these are fastened in paral- 
lel lines, their distance apart depending upon the size of glass em- 
ployed; after testing various-sized panes, the size 10 inches by 12 inches 
is generally preferred. For this size the sash-bars are placed 12 J inches 
apart, measuring from their centers, allowing one-fourth inch rebate for 
the glass to rest upon on each side. In setting the panes of this size it isof 
some importance to place the concave surface uppermost, which makes 
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the center of the pane the lowest point, so that the water which falls on 
the roof will be diverted from the sides to the center of the line of glass. 
The glass shonld not lap more than one-sixteenth of an inch ; wide laps 
hold dust, which in tarn hold water, which may freeze in very cold 
weather and split the glass. This method of glazing admits of laying 
roofs nearly flat without trouble from leakage. Ventilation is provided 
for by hinged cashes on the roof, which may be arranged in various ways 
to prevent them from leaking; the amount of ventilating space allowed 
will have some dependence upon the purposes to which the structure will 
be devoted. 

EASPBERRY CULTURE. 

Within a few years back a notable change has been introduced in 
the general management of the raspberry. The only pruning formerly 
given to this ])]ant was confined to cutting out the old stems which had 
fruited, thinning out the young stems which were to produce the next 
crop, and shortening them by cutting off a portion of their tops. These 
would then be fastened to a stake or some similar support^ and this 
completed the pruning for the season. But the more modern system 
obviates the necessity of any kind of support and the plants are man- 
aged so that they are able to support themselves when full of fruit. 
This is accomplished by allowing the first year's growth of newly set- 
out plants to grow undisturbed; the second year two or more shoots 
will be produced, and when these have reached to a height of about 2 
feet their tops are pinched off, so as to stop their further upright growth; 
they will then proceed to push out side shoots or laterals on all sides, 
balancing and supporting themselves very effectually and appearing 
like small evenly headed trees. When growth has been completed for 
the season and the leaves have fallen these side shoots are pruned 
back so as to leave them from 12 to 16 inches in length, according to 
their strength. This pruning can be done quite rapidly with pruning 
shears. At the same time, if not before, all the old stems or canes 
which have fruited are also removed; but many cultivators prefer to 
remove these old stems immediately after the fruit has been gathered, 
claiming that by so doing the young canes have greater freedom of 
growth ; also, that by promptly removing the old canes many kinds of 
insects which lodge in the old wood and have cocoons and nests upon 
it are thus destroyed by burning all the prunings as they are collected. 
This system is continued annually; no greater number of young shoots 
than is required are allowed to grow, all others being destroyed as they 
reach a few inches in height. The summer topping is attended to as 
previously stated, and the result of this routine treatment is a self- 
supporting plant and improved fruit. 



FI6S. 

The cultare of figs has never attracted much attentioQ in the Middle 
and Northern Stales owing to the susceptibility of the plants to cold. 
Tliey are perfectly adapted to the climates of the Sonthera States, 
where they have I(iii<r been cnttivated for domestic purposes, bnt not 
prodnced in sufficient quantities to be incladed amoog coaninercial 
products. 

The flg may be frnited in sheltered localities in the Northern States 
by tailing the precaution of covering the branches during winter, so as 
to protect them from severe freezing. Thisisnotdifflcnlt toacccmplish, 
the most simple and effectual method being that of bending down the 
branches, and fastening tbem as close to the gronud as practicable, in 
which condition they can readily be covered with 8 to 10 inches of soil, 
or an equally thorough coating of forest leaves protected by a covering 
of boards to exclude rain. 

The fig bears most satisfactorily when it is planted in gravelly or 
sandy soils; in strong, rich soils luxuriant growths are produced, and 
the yonng firuit will drop prematurely; the wood will also ripen imper- 
fectly, and thus diminish the namber of perfect &uit bads. After the 
fruit makes its appearance, and all daring its progress toward ripening, 
the plants require an abundance of water ; if the roots arekept dry at any 
time daring Ibis period tbe fruit will probably drop j bnt when the fruit 
becomes soft, indicating ripeness, a lens snpply of water will improve 
its flavor, and furthur tend to harden and ripen the annual growths of 
the tree. 

VANILLA. 

The opinion prevails that the vanilla plant can be successfnlly culti- 
vated in Florida, and applications for plants and inqoiries as lo Lli»ir 
growth and cultare are frequently received. 

Tbe vanilla belongs to the &mily of orchids and grows wild in Mex- 
ico, Peru, Brazil, and other parts of South America. It is also foiitiil 
in Trinidad, Jamaica, and other West India islands, and it is ex(:i<od- 
ingly doubtful if the climate of any portion of Florida woulil i>ro\'u 
suitable for its profitable cultivation. 

Tbe vanilla is a climbing plant and is propagated by cuttings iiiHcrted 
near the stems of trees, upon which it climbs, adhering to the bark by 
its fleshy roots. 

The best marketable pods are supposed to be produced by tbe species 
Vanilla plani/olia, and the principal supply comes from Vera Cruz. 

Assertions have been made that the vanilla plant grows wild in Flor- 
ida, la answer to requests for specimens, leaves of Liatrig odnraiis- 
aima have been received. This plant has aromatic foliage and is some- 
times used for flavoring cigars and tobacco, and is locally known as 
wild vanilla, but it has no relation wliatever to tbe vanilla plant that 
produces the fragrant pods of that name. 
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INDIA-RUBBER PLANTS. 

In the praiflewortliy endeavors to introdace new industries into the 
Southern States, requests are made for economic plants of many kinds 
that are strictly tropical prodnctions, and among these may be placed 
the India-rubber-bearing trees. 

Various plants afford caoutchouc, the elastic gummy substance bet- 
ter known as India rubber, but as far as it is known it is solely pro- 
duced by plants of tropical climates. In the East Indies it is collected 
from Urceola eUutica; from several species of Ficus, mainly from Funis 
eloHticaj and from a few other species, natives of the East Indies and 
western tropical Africa. 

South American rubber is also extracted from plants of different 
genera. The best is said to be obtained from Hevea braMiensis^ a native 
of the Para forests, considered to be distinct from the Sophonia elastica, 
which furnishes the largest portion of the rubber entering into the 
commerce of that country. The sand t>ox tree, Hura crepitans^ yields 
a milky juice which is similarly converted into caoutchouc by evapora- 
tion. These plants belong to the natural order Euphorbiacece^ a large 
family of plants, mostly yielding a milky juice, containing acrid and 
poisonous properties. 

Mexican rubber is extracted from a native tree, the Castilloa el€ustica^ 
which grows abundantly near the Gulf coast. This plant is botanically 
allied to the rubber producing Ficus of the East Indies. 

A new elastic gum has recently been produced in Mexico, which is 
said to be derived from a native herbaceous plant allied to the family 
of asters. This plant would probably succeed in the Southern States. 

These are strictly tropical trees, for which we have no suitable cli- 
mate ; but attention might profitably be directed to the gum-producing 
Mesquite tree of Texas, Algarobia glandulosa, which yields a nouelastic 
gum of the nature and possessing all the essential qualities of gum. 
arable. 

CITRON. 

Citrus Medica. 

The thick rind of the citron is valued for the purpose of candying 
or preserving in sugar for use in confectionery, etc. Growers of citrous 
fruits in California and Florida have repeatedly requested information 
as to the method of preparation and manufacture of this condiment. As 
contributing to this information, the following extract from an authen- 
tic source is offered : 

In all the countries I have mentioned above as contributing the raw fruit for this 
industry, it is treated in the same manner for the over-sea passage. The fruit is simply 
halved and placed in hogsheads or large casks filled with a fairly strong solution of 
brine, the fruit beiug halved merely to insure thorough preservation of the rind by 
an equal saturation of the interior as well as the exterior surface. In these caaks it 
arrives at the doors of the manufactory. 
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Tbe first process to which it is then subjected is the separation of the fruit from 
the riud. This is done by women, who, seated around a hirge vessel, take out the 
fruit, skillfully gongo out the inside with a few rapid motions of the lorefinger and 
thumb, and throwing this aside i)laco the rind unbroken in a vessel alongside them. 

The rind is next carried to large casks filled with fresh cold water, in which it is 
immersed for between 2 and 3 days to rid it of the salt it has absorbed. When taken 
out of these casks the rinds are boiled with the double object of making them tender 
and of completely driving out any trace of salt that may be still left in them. For 
this purpose they are boiled in a large copper cauldron for a time varying from 1 to 
2 hours, according to the quality of the fruit and the number of days it has been im- 
mersed in the brine^ When removed from this cauldron the peel should be quite free 
from any flavor of salt, and at the same time be sufficiently soft to absorb the sugar 
readily from the sirup, in which it is now ready to be immersed. 

The next process to which the riud is subjected is that of a slow low absorption of 
sngar, and this occupies no less than 8 days. Needless to say that the absorption of 
sugar by fresh fruit in order to be thorough must be slow, and not only slow, but it 
must be gradual — that is to say, the fruit should at first be treated with a weak solution 
of sugar, which may then be gradually strengthened, for the power of absorption is 
one that grows by feeding. The fruit (and this holds good more especially with the 
rind) would absorb with difficulty and more slowly if plunged at once into thick 
sirup than if gradually treated with weak solution easier of absorption, and by 
which it has been thoroughly permeated first. It is a knowledge of this fact that 
governs the process I now describe. 

The fruit has now passed into what I may call the saturating room, where on every 
side are to be seen long rows of immense earthen «vare vessels about 4 feet high and 2^ 
feet in diameter, in outline roughly resembling the famed Etruscan jar, but with a 
girth altogether out of proportion to their height, and with very short necks and large, 
open mouths. All the vessels are filled to their brims with citron and orange peel in 
every stage of absorption, ♦. e., steeped in sugar of (roughly speaking) eight different 
degrees of strength. I said before that this is a process that occupies almost always 
8 days, and as the sirup in each jar is changed every day, we may divide the mass of 
vessels before us into groups of eight. Take one group of this number, and we are 
able to follow the fruit completely through this stage of its treatment. With vessels 
of such great size and weight, holding at least half a ton of fruit and sirup, it is 
clearly easier to deal with the sirup than with the fruit. To take the fruit out of one 
solution and to place it into the next stronger, and so on, throughout the series, 
would be a toilsome process, and one, moreover, injurious to the fruit. In each of 
these jars, therefore, is fixed a wooden well, into which a simple suction-pump being 
introduced the sirup is pumped from each jar daily into the adjoining one. 

** How is the relative strength of the sirup in each jar regulated? " is the next ques- 
tion. "The fruit itself does that," is the foreman's reply; and this becomes clear 
from the following explanations : Number your group of jars from 1 to 8 respectively, 
and assume No. 1 to be that which has just been filled with peel brought straight 
from the boiler, in which it has been deprived of the last trace of salt, and No. 8 to 
contain that which, having passed through every stage of absorption but the last, is 
now steeped in the freshly prepared and therefore strongest solution of sirup used 
in this stage. ** We prepare daily a sirup of the strength of 30 degrees, measured by 
the 'provino,' a graduated test for measuring the density of the sirup,'' continued the 
foreman, ''and that is poured upon the fruit in jar No. 8. To-morrow the sirup frt m 
this jar, weakened by the absorption from it by the fruit of a certain proportion of 
sugar, will be pumped into jar No. 7, and so on daily through the series. Thus, No. 
1, containing {be fruit itself, regulates the strength of the sirup, as I said." ''But 
if the sirup has lost all its strength before the seventh day, or arrival at jar No. 1?" 
we ask. "Care must bo taken to prevent that, by constant testing with the ' pro^ 
vino,' " is the reply ; " and if that is found to be the case, a little stronger sirup must 
be added to the jar." 
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A slight fennentatlon takes place in most of tbe Jars» bat this, so far from being 
harmful, is regarded as Deoessary, bnt of coarse it mast not be allowed to go too far. 

There is yet another stage, and that perhaps the most important, through which 
the peel has to pass before it can be pronoanoed snfficiently saturated with sugar. 
It is now boiled in a still stronger sirnp, of a density of 40 degrees by the testing 
tube, and this is done in large copper vessels over a slow coke fire, care being taken 
to prevent the peel adhering to the side of the vessel by gentle stirring with a long 
paddle-shaped ladle. The second boiling will occupy about an hour. 

Taken off the fire, the vessels are carried to a large wooden trough, over which is 
spread a coarse, open wire netting. The contents are poured over this, and the 
peel distributed over the surface of the netting, so that the sirnp — ^now thickeDed 
to the consistency of treacle — may drain off the surface of the peel into the troogh 
below. The peel has now taken up as much sugar as is necessaiy. 

Now comes the final process, the true candying of the covering of the surface of 
the peel with the layer of sugar-crystals which is seen npon all candied fruits. To 
effect this a quantity of crystallized sugar — at Leghorn the same quality of sugar is 
used as is employed in the preparation of the sirup — is just dissolved in a little 
water, and in this the now dried peel, taken off the wire netting, is immersed. The 
same copper vessels are used, and the mixture is again boiled over a slow fire. A 
short boiling will suffice for this, the last process, for the little water will be quickly 
driven off, and the sugar upon cooliug will form its natural crystals over tbe sur- 
face of the fruit. Poured off from these vessels, it is again dried npon the surface 
of the wire netting, as before described. The candying is now complete, and the 
candied peel is ready for the packing room, to which it is carried off in shallow bas- 
kets. 

In the packing room may be seen hundreds of boxes of oval shapes, or, if I may so 
speak, of rectangular shape, with rounded corners and of different sizes, for each 
country prefers its boxes to be of a particular weight, Hamburg taking the largest 
of 15 and 30 kilogrammes ; the United States of America preferring smaller, of 10 and 
12 kilogrammes ; whilst England takes the smallest, of 5 kilogrammes, and one con- 
taining about 7 English pounds. The wood of which the tops and bottoms of these 
boxes are made comes to us in thin planks from Trieste, and a skillful packing is 
generally done by women, and the boxes are lined with white paper. They are 
then packed in cases of 100 kilogrammes, ten of the smaller American boxes fillings 
case. The candied peel is now ready for export. 



SPECIAL INQUIRIES AND ANSWERS. 

That portion of the official correspoDdence of tbe Department which 
relates to sabject-matter connected with the operations and specialties 
of the horticaltural division, and is referred to the horticulturist for 
consideration and reply, embraces a variety of subjects upon which ad- 
vice is repeatedly asked by different individuals ; and as the replies 
made, so far as the Department is concerned, reach only to the indi- 
vidual addressed, and as this correspondence is largely of general ap- 
plication and directly practical in its nature, I have selected tbe follow- 
ing from the many similar communications with a view to lessen repe- 
titions of these particular inquiries: 

VANIUA. 

S. M. R., Polk County, Florida. I understand that the Vaniila Bean grows well in 
all parts of Mexico and in cool places. I am sure it would do well in this coontyi 
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and would be obliged to yoa for some plants for trial. Also wonld be glad to know 
something abont its cultivation and preparing the crop for market. 

Answer, — ^The vanilla bean ( Vanilla planifolia) is a native of tropical countries. It 
is produced in the warmer parts of Mexico, and not by auy means in cool places: in 
fact its area of profitable culture is said to be limited to certain favorable localities 
near the Gulf coast. It is very doubtful, indeed, whether the plant can be grown 
profitably in any part of Florida. 

The vanilla is a climbing orchid, or air plant, having a fleshy stem and succulent 
leaves. It is progagated by cuttings of the stem planted close to the tree upon which 
the plants climb. They usually receive but little cultivation further than to keep 
down growths which might interfere with the gathering of the fruit, the plants re- 
ceiving their nourishment mostly from the atmosphere. 

The peculiar odor of the bean is developed during the process of curing, and much 
of the commercial value of the article depends upon its preparation for the market. 

The fruit is gathered before it is quite ripe. If allowed to remain on the plant the 
pod splits and becomes black ; when drying it exudes a dark-colored unctuous liquid, 
and when quite dry becomes brittle and devoid of perfume. 

In Guiana the pods are cured by placing them in ashes until they begin to shrivel, 
when they are wiped, rubbed over with olive oil, then hung in the open air to dry. 

In Peru the pods are dipped in boiling water, then hung out in the open air for a 
month, afterwards smeared with castor oil and tied in bundles for sale. 

In Mexico the curing process is more elaborate and varied. The pods are placed in 
a heap under protection from the weather until they begin to shrivel, when they are 
submitted to a sweating process. This is accomplished by wrapping the pods in 
blankets inclosed in tight boxes ; afterwards they are exposed to the sun. They are 
DOW tied into small bales or bundles, which are first wrapped in woolen blankets, 
then in a coatiligof banana leaves, first sprinkled with water, then placed in an ovea 
heated up to above 140° F. Here they remain for from 24 to 48 hours, according to 
the size of the pods, the largest requiring the longer time. After this heating they 
are exposed to the sun daily for 50 or 60 days until they are thoroughly dried and 
ready for the market. 

In the valley of Mazation the vanilla abounds in a wild state and the article is of the 
finest grade. The curing is thus described : ** To cure properly requires about 90 
days, and the manipulation is almost infinite, each bean being handled critically from 
three hundred to five hundred times in the process by the Indians. The beans, as 
gathered, are disposed of in layers, first a layer of beans and then a blanket, and so 
on till a pile is formed. This is called the sweating process, and during its contin- 
uance the piles are turned two or three times a day until most of the water is sweated 
out. This process is followed by drying in the sun, and here the natives exercise the 
utmost care and attention. When finished the beans are to be the color of a very 
dark cigar. The attendant picks up each bean occasionally for examination, and if 
he observes any part of the pod is coloring more rapidly than another he twists a bit 
of the leaf around the spot until the action of the sun shall have affected all alike." 

MAHOGANY TREE. 

J. S., Eastern Shore, Maryland. I inclose a few seeds of the mahogany tree which 
grows in this part of the State. Since I learned that this tree was the mahogany I 
am saving the seeds and mean to plant all I can get, and would ask you where I can 
get a supply, as I suppose that the tree is in other parts of this country. 

Answer, — The seeds sent are those of the Kentucky coffee tree (Gymnooladus cana- 
densis), and has no botanical relation ta the tree which yields the mahogany wood 
of commerce. 

It is called coffee tree for the given reason that the early settlers in Kentucky, 
where the tree grows in the forests, used the bean as a substitute for coffee. 

The timber of this tree is of a fine compact grain and is sometimes used in cabinet 
work, hence it is in some places called the mahogany tree. 
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COCHINEAL. 

J. H., Gaadalape Coanty, TexaA. I take the liberty of writing to yon, as I wish 
to know if you could give me any information about cochineal. We have plenty of 
prickly pear (cactus), and believe it is the same kind used in Madeira for the growth 
of the Insect. I should be very thankful if you would let me know something about 
the matter. 

Answer, — The cochineal insect {Coccus caoH) feeds upon different kinds of Opuntiaj 
or prickly pears. Opuntia tuna and Opuntia or Nopalea cocoinellifera are the species 
principally used in Mexico, and these, with Opuntia ficus indica, are employed for a 
like purpose in the Canary Islands, New Grenada, and Madeira. 

In arranging plantations, or, as they are sometimes termed nopaleries, for raising 
the cochineal insect, the plants are set out in formal lines several feet apart, so that 
they can be cultivated similarly to a carefully checkered cornfield, and when the 
plants are large enough the insects are distributed upon the plants. These soon give 
origin to countless numbers of minute insects, of which the females soon increase 
rapidly in size until they almost lose the appearance of insects and look like small 
warts. At this stage of their growth they are gathered by detaching them from the 
plant by a flat, wedge-like stick, and placed in a bag, which is then dipped in boiling 
water to kill the insects, afterwards drying them in the sun. 

It has been estimated that 70,000 of these insects are required to make a pound of 
cochineal. 

It may be surmised that the profits of this industry will greatly depend upon the 
cost of the labor required for these manipulations. 

TREATMENT OF LAND. 

J. G. T., Delaware. Two years ago I took in hand a piece of ground completely 
exhausted through continued cropping without manure, and so full of wire-worms 
that not even weeds can be got to grow. The ground is a very heavy loam, lying 
upon a stiff clay ; every shower of rain makes it a puddle, and forty-eight hours of 
sunshine makes it so hard that it is next to impossible to break it up; maonre 
X>lowed in can be turned up months afterwards in the condition in which it was put 
on. I have used lime at the rate of 25 bushels to the acre, but not with the result 
expected, and intend to apply the same quantity of common salt, in the hope that it 
will destroy the worms. 

Will you kindly say if I have adopted the proper method ? Any advice you may 
tender will be very kindly received and carefully followed. 

Answer. — There can be no permanent or satisfactory improvement made upon such 
land as described until it is thoroughly tile-trained. Thorough draining would in- 
volve parallel lines of tiles not more than 25 feet apart, and placed to a depth aver- 
aging 30 inches. Then it should be deeply plowed in the fall ; fall plowing is an 
important factor in the management of heavy land, and no mechanical appliances 
can pulverize it so effectually as the influence of frost. 

After plowing in the fall, sow salt at the rate of 15 to 20 bushels to the acre, and 
when it is dry enough to work in spring, spread lime over the surface at the rate of 
from 50 to 75 bushels per acre and harrow it in before putting in a crop. 

It should be well understood that laud of this character should never be worked 
when wet. After heavy summer rains there is always a period between wetting and 
drying when it can be pulverized on the surface atid thus effectuiUly prevent ite 
becoming hard and compact. 

Draining will greatly modify the tendency to cake or become hard on the surface. 
It will also allow of a gradual deepening of the plowed stratum, and is, in fact, the 
foundation of all improvement towards increasing the productiveness of lands rest- 
ing upon a clay subsoil. 
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APPLE TREES. 

J. K, E., Fairfield County, Soath Carolina. Also, I want what information yon 
can give me abont apple trees for this climate. I am told that the Northern-grown 
trees, or trees from Northern nurseries, are not desirable, as the fruit will not keep 
for an^*^ length of time during the winter, or after it is taken from the tree. I am 
comparatively a new-comer here, bnt would like to set out some apple as well as 
other fruit trees, and would act advisedly in the matter. 

Answer, — So far as it concerns the trees, provided they have been well grown, 
healthy, and wood properly matured, it probably makes but little diflference whether 
they are from Northern or from Southern nurseries : but when it comes to the selec- 
tion of varieties, especially winter-keeping kinds, it is essential to recognize that 
most of the Northern winter varieties become summer and fall ripening kinds when 
grown in South Carolina. 

It therefore becomes necessary to procure the best kinds from Southern nnrseries, 
where attention has been given to the propagation of fruit specially adapted to their 
sections, of which there are numerous varieties which for size, beauty, and quality 
are equal to any produced in more northern regions. 

COFFEE. 

W. W., Erie County, New York. I am desirous of gaining information in regard 
to the cultivation and raising of coffee. 

I should like to get cuttings or slips of the coffee tree for grafting purposes. I have 
a ranch in California upon which there is wild coffee growing which produces a berry 
similar to Mocha, only smaller. If I could get cuttings or buds to graft I should like 
to make an effort to see what could be done in the matter. 

Answer. — ^The so-called wild coffee of California is the seed of a plant belonging to 
the buckthorn family, called Bhamnus califomiouSj and has no more relation to Arabian 
coffee than it has to a hazel bush or a maple tree. 

Of course it would be wholly impracticable to graft or bud the coffee into a Rha- 
nuis and expect the scion to grow. 

The coffee plant, so far as experiments have been noted, has not been a success in 
California. 

The tropical summer period is too short and the winter temperature too low over 
by far the greater portion of the State. The coffee plant suffers or is checked in 
growth when its surrounding temperature is so low as 40^ F. 

LOTUS PLANT. 

H. S., New York City. Can I get from you a description and sketch of the lotus 
plant of Egypt ? 

Answer. — The Egyptian lotus is given by some authorities as being the fruit of a 
water x>lant, NymphcBalotus, The fruit of Nelumbium speciosum, also a water plant, is 
also known as lotus. 

The fruit of Zizyphns lotus, a prickly branching tree allied to the jujube tree, is 
supposed to be the true lotus of the Lotophagi. This fruit is described as small fari- 
naceous berries, of a yellow color and delicious taste. This farinaceous substance, 
when dried, is pounded into a kind of flour, which, being formed into cakes with 
water and dried in the sun, makes a kind of sweetish bread. 

LE CONTE PEAR. 

B. B., Lake County, Florida. I have abont a dozen Le Conte pear trees which have 
made tine growth, and are bushy trees some 12 to 15 feet in height, but they do not 
bear any fruit. For several years past a few sickly looking flowers would appear, 
but no frnit. 
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I write to ask yoa if yoa tbiok that they need to be fertilized. The soil grows 
orange trees well ; of course they receive some fertilizer, but the pear trees were 
treated the same. 

If you could advise mo what to do I would be much ob1i{;cd. 

An$wer, — ^The main reason why the Le Cuuto pear fails to fruit with you is that the 
climate is too continuously warm and the trees have no decided or deliuite period of 
rest. This continued activity of growth prevents the formation of flower buds and 
encourages growth of shoots. If the growth of the plant is arrest-ed or checked in tbe 
early fall it would tend towards the formation of flower buds, and possibly secure a 
crop of fruit. This may be effected by pruning the roots. Practically this operatiou 
would consist in digging out a circular trench about 4 feet from the stem of the tree, 
cutting out all the roots encountered to a depth of 30 inches, then undermine the ball 
so as to sever all deep-running tap roots. Then throw tbe earth back into the ditch, 
firming it properly as the filling proceeds. 

If this operation is performed about the end of Angnst it would check longitudinal 
growth of shoots and tend towards the formation of fruit spurs on the older braucbes. 

This is not a new or untried, process, but has long been practiced successfully in 
rendering barren trees fruitful under conditions similar to those here mentioned. 

LAWN-MAKINO. 

J. 8., Baltimore County, Maryland. Now I want to tell you alK>ut my lawn, or 
rather I should say my failure in trying to got one. Two years ago I had the ground 
plowed deep; at least my instructions were to plow it deep and good, but I now 
think that it was not very deeply plowed. It was then made smooth and level; was 
fertilized with 300 pounds of superphosphate (it is about half an acre), and lawu- 
grass seed sown and harrowed over. With the bushel of grass seed was mixed about 
2 pecks of oats. It was sown about the end of March, and came up beautiful and 
green in a few weeks, at least the oats did. When the oats were about to head I was 
advised to mow them so as to let the grass grow. This was done; weeds came op, 
but very little grass was seen, and, in short, although the weeds were mown dowa 
several times during the summer, the grass made no show, and when the most of the 
weeds were killed by the frost my poor lawn looked very sickly indeed, with here 
and there a tuft of grass and clover ; but tbe greater portiou looked as bare as tbe 
day the seeds were sown. 

I was advised to cover it all over with a coating of manure just before setting in 
of wintt^r, which was done. When the spring came round the coarse portions of 
manure were removed and the liuer portions harrowed into the soil. It was again 
seeded as before, and the oats did well, but not the grass, and I have yet no lawn. 

Please tell me why I have failed and how I can get a good lawn. 

Answer. — Tbe letter indicates very clearly the cause of failure. First, the soil was 
probably imperfectly prepared ; second, the allowance of grass seed was too small; 
and, third, the oat seed allowance was so large that, even if the other two factors 
had been of the best, the oat crop would have rendered it a failure. 

To secure a good lawn the primary requisite is proper preparation of the soil. 
Where this can be done by the plow a deep furrow should be thrown out with the 
turning plow, and a subsoil plow run into the bottom of each furrow. This will turn 
and loosen to a depth of from 15 to IS inches, according to the thoroughness of tbe 
work. If done by hand labor it should be spaded as deep as the spade can penetrate 
and the subsoil loosened with a pick, but in no case should the subsoil be brought to 
the surface if the sowing is to be inmiediate. 

The next operatiou is to level the surface so that it may be made smooth aud roji^n- 
lar. No pains or expense should be grudged to make the surface perfect at this 8t:)ge 
of the work, as it will be difficult to make corrections after sowing. 

If good barnyard manure can be provided a heavy dressing of it should be spread 
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orer the snrface and plowed in. This soil preparation is best when done in the fall 
and the sarface left rough daring ttie winter. 

Even with the above manuring the second plowing should not be omitted. As a 
substitute for the fall manuring apply, bone dust at the rate of at least one-half ton 
per acre in the spring on the surface and harrow it in. Before sowing the surface 
should be harrowed and cross-harrowed until a smooth, even sarface is produced; 
then sow the seed and cover it by rolling. 

The best lawn grass is Poa prateneiSf variously known as blue grass, green grass, 
and Jane grass, and the many mixtures sold as lawn grasses are largely composed of 
this species. A good mixture is 2 bushels of the above, 1 bushel of red top (Agrostis 
vulgaris), and 1 quart of timothy (Phlem pratense). The timothy seed is included 
becaoae it vegetates quickly and strongly, loosens the surface soil, and thus facilitates 
the fi^owth of the other grasses, and soon disappears. If sown under good conditions 
from the first of March to the middle of April, it will be fit for the lawn mower by 
first of June, and by the end of that month will present the appearance of a good 
lawn. 

A fine lawn can not be maintained without frequent mowing, and now that numer- 
ous and cheap and efficient lawn mowers are to be found everywhere, there is really 
no excuse for imperfectly kept lawns. 

During the first summer the cuttings of the mower mAy be allowed to remain on 
the surface as a mulch, but experience shows that the practice is not to be com- 
mended after the first year. 

It is pernicious to sow oats, rye, barley, or other grains with the grass seed. These 
strong-growing plants rob the soil and iujure the growth of the lower grasses. They 
do not require any protection of this kind, and many failures in lawn-making can be 
traced to the practice of mixing these with the grass seeds. 

BRAZIL NUT. 

W. W. W. , Iowa. I wish to know whether the tree that bears Brazil nuts will thrive 
in the Unite<l States, and whether they will bear much, if any, frost without injury, 
and whethepthey will thrive where oranges and almonds do. Also, best mode of 
starting young trees from the nut. 

Answer. — The tree that yields these nuts is the BerthoUetia excelsay a native of 
Guiana, Venezuela, and Brazil. It is found in large forests on the banks of the Ama- 
zon, and is therefore strictly a tropical tree, and would not be at all likely to grow 
to any degree of perfection in Florida. 

Climates suited to almonds and oranges are no criterion for tropical vegetation. 
The former will grow w^ierever peaches do well, and a bearing orange tree will with- 
stand 10° of frost without injury. 

CHICLE GUM. 

R. P., New York City. Among the importations at this port is an article called 
Chicle Gnm. After considerable inquiry I have not bocn able to find the name of the 
plant which produced it, but have learned that it comes from Mexico. 

If yon can tell me the name of the tree or plant, and where it can be obtained, I 
should like to try it in Clay County, Florida, where I have interests. 

Answer, — Chicle Gum is furnished by Sapota achras, a tree of the West Indies and 
of some parts of Mexico. 

The fruit is called Naseberry, or Sapodilla plum. It is stated that the succulent 
gummy pulp surrounding the seeds is named chicle, and that it is employed in the 
preparation of gum-drops. 

The tree will not flourish in Clay County, Florida, although it is to be found grow- 
ing in the southern extremes of the State, where it has been introduced. 
28581 7 
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OPIUM POPPT. 

C. £., Liberty Connfcy, Geor^^ia. I have reason to believe that the o|iiim poppy 
will do well here, and would" try it if I had enongh seed of the right variety to make 
a plantation of several acres. Can yon furnish seed or procure it for me at my ex- 
pense? 

I shonld be obliged for any information in regard to its culture, and how best to 
get the opium from it. 

Answer. — So far as climate is to be considered the poppy plant will grow in Georgia, 
and, indeed, in most of the United States, and seed can easily be secured, and the plants 
are easily raised. The soil should be very finely pulverized on the surface, and the seed 
sown in shallow drills, or rather mere marks. The seeds are very minute and should 
be mixed iu fifty parts of dry sand, then sand and seed sprinkled thinly on the sur- 
face and covered simply by passing a light roller over them. These drills may be 2 
feet apart, and when the plants appear they are thinned out so that they will be 
from 6 so 8 inches apart. 

It is highly improbable that it can be profitably produced in this country, as may 
be gleaned from the details of collecting the juice. 

When the seed pods are properly matured the milky juice is obtained by making 
incisions in the pods with ^mall lancets. This requires great care, so that the incis- 
ion is not made through the entire substance of the pod ; the surface is only scari- 
fied. The cutting being performed in the afternoon, the oj^ium is allowed to exude 
and remain on the pod till next morning, when it is scraped off, drop by drop, and 
thus collected in a small cup. Successive incisions are required to secure complete 
exudation. 

It is thus seen that the process is slow and tedious, and it is stated that the average 
pay of the operators does not reach 10 cents per day. 

The factory operations in preparing the article for commerce are also tedious and 
complicated, involving much manual labor, which is cheaply procured in Asiatio 
countries. 

CAMPHOR TREE. * 

.7. S. R., Hernando County, Florida. A camphor tree received from your Depart- 
ment 6 years ago has grown up into a fine tree some 15 feet in height. It is a beau- 
tiful ornamental tree, and is valuable on that account alone, but if this is the tree 
from which the camphor of trade is obtained I would be obliged if yon can inform 
me how to get it. I have tried cutting the bark, but could not see any exudation 
of gum. 

Answer, — The camphor tree {Camphwa officinarum) is a native of China and Japan, 
and yields the camphor of commerce. 

Camphor is obtained by chopping the wood into small pieces and boiling tbem 
with water in an iron vessel till the camphor begins to adhere to the stirring utensil; 
the liquor is then strained, and the camphor concretes on standing. It is afterwards 
mixed with finely powdered earth and sublimed from one metallic vessel into an- 
other. 

In Japan the chips are boiled in a vessel to which an earthen head containing 
straw has been fitted, and the camphor sublimes and condenses on the straw. Grade 
camphor very much resembles moist sugar before it is cleaned; it is refined by sub- 
limation, an operation which requires care and experience. 

BAHIA ORAXGE. 

E.S., Putnam County, Florida. I have seen a statement that the Bahia orange, 
as seen in the greenhouse in Washington, has no pollen on its blossoms, and that is 
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hen as a reason for its poor bearing in Florida. I would like yon to answer me the 

llowing questions : 

If the want of the pollen is the eanse of its not frniting in Florida, why does it 

it so well in California f 

If it has no pollen, how does it happen that it afifects trees all aronnd it and canses 
them to produce navel oranges 1 

i Anatoer.— The statement has not been made that because the Bahia orange flowers 
are lacking in pollen here this variety does not fruit well in Florida, but rather that 
[it does not fruit well there for Ihe same reason, that is, want of x>ollen to properly 
pollenize the pistil; this we know to be a fact from personal inspection of trees of 
this variety when in flower in Florida. Since the first flowering of the Bahia here, 
quite a dozen years ago, this defect has been recognized. After the fruit became pop- 
ular in California it was ascertained by inquiry that while the trees did not bear so 
abundantly as many other varieties, yet it produced a fairly profitable crop in that 
State. 

It therefore seems probable that the climatic and cultural conditions permit of a 
better development of pollen in California than in Florida and in some other places. 
This would not be an exceptional case. It is well known that climatic conditions 
affect the pollen of plants. Those who are in the habit of saving seeds know that 
plants will often fail to set seeds in the extreme heat of summer, but will produce 
frait and seed abundantly later in the season when the temperature is lower. The 
reverse of this is also known; some plants will only seed well during the warmest 
part of the season, and fail to do so in cooler weather. Whether the flowering season 
of the Bahia in California is more favorable to the ripening of its pollen than is its 
flowering season in Florida is a point to be determined. 

With regard to the question : If this navel orange has no pollen, how does it hap- 
pen that it affects trees all around it and causes them to produce navel oranges f it 
may be stated that this question has been frequently similarly presented for expla- 
nation. Presented in this manner it suggests doubt as to the accuracy of the ob- 
servation of those who have been unable to find pollen in the flowers of this variety 
of orange; at the same time it furnishes no proof of the existence of pollen on the 
trees which are stated to exert bo powerful an influence upon their neighbors. The 
question can therefore only be looked upon as an imaginary hypothesis. 

The absence or presence of pollen in a blossom is a matter easily determined ; a 
few minutes of inspection would enable the observer to state definitely whether it 
has no pollen or the reverse. 

If the statement is varied, that the tree has an abundance of perfect pollen, the 
cause of non productiveness would then become a question of farther inquiry. This 
direct evidence of an abundance of pollen would be entitled to a degree of respect 
which is certainly not afforded by the snpposition that because other fruit show a 
navel mark therefore the suspected tree must have had an abundance of perfect 
pollen. 

The navel mark on oranges is a very indefinite article. Sometimes fruits may be 
taken from a tree some of which will have a scarcely preceptible indentation as a 
mark, while others will show a protuberance half an inch in diameter. The cause of 
this mark has not been explained. This much may, however, be looked upon as 
certain, that if a vegetable physiologist picked a fruit having something of a navel 
k mark from a tree of the St. MichaeFs, or from a tree of Maltese oval, or from one of 
any variety not known as a navel, he would uot be apt to attribute the appearance 
of the mark to pollen influence of any kind. 

CANARY SEED. 

G. M. E., Cecil County, Maryland. I wri te for information upon the subject of canary 
seed. I have in view the subject^f planting it for a crop if it will grow here and 
pay. I shall be obliged for what information you can give me as to the character of 
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the plant, the probability of its snoceasful growth here, yield per acre, time of soir 
ing, etc. 

Answer, — Canary seed is produced by a species of grass, Phalaris canarienMSy said 
to be a native of Asia, bnt foand growing wild in varions parte of the eastern world. 

But little is known here about its yield or the profits pertaining to its cnltare. It 
is stated that the amonnt entering into consumption annually is about 200,000 
bushels, and it is chiefly from Turkey and Barbary. 

As cultivated in these countries the seeds are sown early in spring, in drills 6 
inches apart, and the plants thinned to 2 inches apart in the rows. It is a slow- 
growing, slender-stemmed plant, requiring frequent hoeing to keep weeds from 
destroying it. Much care is required in harvesting, as the seeds fall off easily. Birds 
are fond of it when it is opening. In some countries the seeds are fed to race horses, 
as they are said to strengthen muscle without being fattening. No doubt the plant 
will grow well in Maryland. Probably there would be but little profit in its pro- 
duction. This can only be ascertained from a practical experiment. 

TRKB-PLANTING. 

J. R. E., Fairfax County, Virginia, The question as to the best time to plant 
shade trees, of apple and pear trees, has been discussed at our club meeting. Some 
prefer fall planting because the soil becomes well settled about the roots before spring 
and the trees do much better than those planted in the spring ; others maintain that 
fall planting has no advantages, bnt, on the contrary, they have lost trees which 
were set out Just before winter set iu, and consider spring planting to be more reli- 
able. Can the Department of Agriculture advise ns of the results and conclusions 
reached on these points f 

Answer, — Fall planting is preferable to spring planting because the conditions of 
the soil and climate are then more favorable. In propagating plants by cuttings it 
is fonnd that rooting is most successful when the bed in which the cuttings are 
inserted is 15 or 20 degrees warmer than the atmosphere surrounding them. Tlie 
heated soil encourages the formation of roots, while the cool atmosphere prevents 
bud growths. When these conditions are reversed the cutting will grow for a time 
without forming roots. 

It is found that during the month of October in this locality the soil averages sev- 
eral degrees warmer than the atmosphere. This gives a kind of natural hot-bed into 
which we place a newly removed tree ; the formation of young roots commences at 
once, and iu a few weeks a good system of roots is established, enabling the tree to 
stand the vicissitudes of winter and make an early and vigorous start the following 
spring. 

If planting is delayed until spring these physical conditions of soil and atmosphere 
are to a certain degree reversed; the soil is then cold and accumulates beat slowly, 
while the air rapidly increases in warmth. Trees planted at this time will have the 
buds excited to growth, and leaves will be formed in advance of the roots; these ex- 
tract sap from the branches and the stem of the tree, which as yet has no active roots 
to supply this demand. If the weather proves to be dry and warm the evaporation 
will either destroy the tree or greatly check its growth and well-doing. This is the 
reason why spring- plan ted trees occasionally come out into leaf, apparently vigorous 
and healthy, but will suddenly wither and die under the influence of dry weather. 

From the above it will appear evident that fall planting should be performed as 
soon as the leaves drop. In fact it is most snccessfiil when the leaves are stripped 
from the trees, not later than the middle of October, and planting done at once. If 
delayed beyond the middle of November in this locality success will be less certain 
and none of the advantages of fall planting secured. Many failures occur by thas 
delaying the work, and fall planting is denounced as wrong in practice. 
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PBAR BUGBT. 
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■ J. V.f Kansas. What effect has the stock on pear blight f The original Eieffer tree 

■ 18 said to be free from blight, and for years it was claimed that all Kieffers were 
W blight-proofy yet of late years we have undoabtable evidence that they do blight. 

■ Kow, why this change f Is it from foreign sap introduced into the tree throngn 
' budding and grafting f First it was bndded on the common pear stock, then scions 

from that were grafted on another, and so the process was continued until the original 
sap, we might say, has all been worked out, and as a conse(]tuence we have blight. 

The Le Conte pear was claimed to be exempt from blight, yet we find in late years 
it has blighted. Those who profess to know say that there has never been a case of 
• blight on any tree that can be traced back to the original cuttings, but the blight is 
only on trees which have been grafted. 

Now the question arises, are any pear trees blight-proof ; and if so, can they be kept 
in that condition by propagating only from cuttings? 

Answer, — It may be said that those who claimed that the Kieff(pr pear would be 
blight-proof simply made a mistake. As its culture extended and plantations were 
set out in different localities cases of blight were reported. When the Kieffer comes 
under tlie influences which cause blight, it seems to be just as sensitive as many other 
varieties of its species. 

The causes of blight on the pear are not yet understood. The opinion that it is 
caused by bacteria is quite prevalent, but there are many others who maintain that 
bacteria is not the cause of the disease, but exists because of the disease ; in other 
words, that bacteria has nothing to do with the origin of disease in plants or animals, 
but let the animal tissue die and it is in the condition to decompose, and can only do 
so by bacterial growth. The same with plants. The germs of bacteria swarm in the 
air and are always ready to light upon disorganized tissue and perform the great and 
important task of reducing the vegetable world to its ultimate elements. 

Budding upon other than the Kieffer stock can have nothing to do with blight. The 
entire foliage being Kieffer will naturally determine and control the cell growth of 
the whole plant. 

The claims luade for the Le Conte pear as being blight-proof rest on no better foun- 
dation. Trees of this variety procured from Thomasville, Georgia, which were propa- 
gated from cuttings, have blighted badly, so badly as to entirely destroy the tree. 
They have suffered more than the Kieffer under similar conditions ; that is, they were 
growing within 40 feet of each other. 

If any variety of pear is blight-proof it has not yet been made known, and it is 
beyond controversy that pear trees raised from cuttings are Just as liable to be at- 
tacked by blight as are varieties propagated by any other method. 

COFFEE. 

W* H. M., Sanford, Florida. I shall be pleased to receive, at your earliest conven- 
ience, as many coffee plants as you can spare me; also as much coffee seed as you 
can send. 

I have had several years' experience in coffee growing in southern India, and want 
to try it here, as I think tl e climate and soil well adapted to successful cultivation 
of coffee. 

-ifigtcer.— The Department of Agriculture has for nearly a quarter of a century 
made yearly distributions of coffee plants, scndiug them to the warmest localities in 
the United States, but the returns have not been of a nature to warrant further con- 
tinuance of the distribution of these plants so far as relates to the object in view of 
establishing a profitable industry. 

It is true that several years ago a small quantity of ripened berries were produced 
on coffee plants growing near the Manatee River, but it was understood that these 
plants were in a very well sheltered position, and received additional protection 
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TSijAii[i tberfl^^reft ^ifeAtHer in winter. Subsequently these trees were frozen to the 
lproiiM1>y a«&ldbf ntia^nal severity for that locality. 

It is quite certain that coffee can not become a profitable crop at Sanford, Florida, 
where a lowering of temperature down to or below the point of freezing occurs 
almost every winter. Although the freezing point may not be reached, yet oc- 
casional low temperatures in the fall or early winter months retards the ripening of 
the fruit, even when the plant is apparently uninjured. A tropical climate means 
something more than mere exemption from frost. 

Experienced coffee-growers state that the culture is not commercially profitable in 
a climate where the thermometer falls below 50^ F. at any time during the year. 
The plant will survive a much lower temperature than the above, but this estimate 
refers to the value of the crop. 

MUSTARD SEBD. 

J. W. H., West Virginia. I am using in my business a large quantity of mnstard 
seed, and being desirous of raising the seed in this section I write for information as 
to its culture. 

Answer, — Black-seeded mustard (SinapeU nigra) and white-seeded mustard (Sinaptis 
alba) are the kinds usually cultivated. The former is said t« have the preference for 
manufacture into flour. 

As far as can be learned there have been but few attempts to cultivate the mustard 
plant in this country, and the results obtained have not been very satisfactory. 

Mnstard requires a rich, loamy soil for its growth. It is sown in spring, usually 
broadcast, although sometimes in drills about 1 foot apart. The soil requires to 
have a finely pulverized surface before sowing, so that the seed may be equally cov- 
ered by harrow and roller ; if they are covered more than one-half inch with soil 
they may remain dormant for many years. It is found that buried mustard seeds 
will remain dormant for decades aud vegetate when brought near the surface ; so it 
is difficult to get rid of it in fields where it has once been grown, the seeds shaken 
out in harvesting being sufficient to furnish a crop, as weeds, for many years. 

About one-half peck of seed will sow an acre, and a good crop will return 30 bushels 
per acre. This quantity is procured only where soil and climate conduce to best 
results. In dry seasons this amount would be much reduced. 

GRAPE ROT. 

J. K., Fairfax County, Virginia. My grapes were, I may say, a complete failure 
this year from rot. Ever since ray vines commenced bearing they have suffered more 
or less, some seasons less than others. Four years ago I may say that the crop was 
as total a failure as this. Last year I saved a good half crop. I need not say that I 
am discouraged, and will abandon the culture if this disease continues, but I am loath 
to dig them up if anything can be done to save them. They have been carefully 
pruned and fertilized with bone, the land is not poor, and the vines make plenty of 
growth. 

What is the general result of putting paper bags over the bunches f If any parti- 
cular point in culture or management can modify or extirpate this ruinous infliction 
I would be glad to know it. 

Answer. — As to the general result of putting paper bags over the bunches, it may 
be stated that it is successful. Some few report unfavorably, but it has been fonnd 
necessary to place the bunches in bags as soon as the berries are formed, and that, 
when the covering is delayed much beyond this period, rotted berries have been 
found in the bags. 

It has long been observed and noted that grapevines protected by a canopy or cov- 
ering, such as the projecting eaves of a building, or even the casual protection af- 
forded them when growing up through the brnnches of a tree, are measurably exeiop- 
from fungous diseases. Recent reports show that grapes under a board or even must 
lin cover are almost entirely exempt from rot. A protected grape trellis is described 
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and fignred in the AgricnUnral Report for 1861. atid was in nse !|i tbe garden of tlie 
Department for many years, with tlie best results. This board- covered trellis was 
snbstitnted by a T-shaped trellis, the flat top being wired, and the vines allowed to 
cover it with a dense mass of foliage. This arrangement was found to be quite as 
effectual in protecting from mildew and rot as the more solid ,but more expensive 
cover of boards. In this case the more robust growing varieties of grapes were 
planted at intervals of 30 feet, and trained exclusively on top of the trellis. So far 
as economy is concerned this plan has an advantage over all others, inasmuch as the 
vines nsed for protection also yield their crop of fruit. 

Even on the ordinary wired trellis exemption from rot has been observed when 
the summer growth has been allowed to accumulate on the top wire, and the ends of 
long shoots and laterals allowed to hang down like a screen over the plants. To 
secure this heavy top growth summer pruning will be abandoned, which is perhaps 
an advantage to the crop. Summer pruning, when done at all, is usually overdone, 
and is but little practiced by the most successful grape-growers. 

LICORICE. 

P. W. J., Accomack County, Virginia. I would be greatly indebted if you will let 
me know what you think about the culture of licorice in this county. Our winters 
are not quite so severe as at Washington, District of Columbia, and my soil is some- 
what sandy. I am anxious to learn something about its cultivation, and whether 
the crop would be a profitable one to raise. 

Answer. — So far as regards the cold of winter the licorice will not be injured, but 
it« profitable culture may be constderod as doubtful. 

To produce good licorice roots the soil must be rich, and it must be deeply worked, 
at least to a depth of 2 feet. It is very essential to have a deep soil to allow the 
downward growth of the roots, which increases their commercial' value and enables 
the plant to withstand hot, dry sunimer.'^, for if the plants are weakened or checked 
in luxuriance they are liable to the attacks of the red spider, which destroys tbe 
foliagd. 

The plants are propagated by the slender side roots, which are removed in trim- 
ming the saleable portions. They are set in the prepared soil by making a perpen- 
dicular hole with a sharp pointed stick or dibble and inserting the root slip so that 
it will be covered entirely, exactly as horseradish sets are planted. 

Frequent hoeing will be necessary during the summer, not only to destroy weeds, 
but to maintain growth, and the deeper the culture, without hurting the roots, the 
better the plants. 

As winter approaches, the tops will become yellow, and after growth is completed 
they can be cleaned off and the plants covered with manure. 

At the end of the third summer's growth, if the plants have done well, the roots 
will be large enough for market. The process of digging out and harvesting the 
roots is perhaps the most tedious operation with the crop. Tbey run from 2 to more 
feet in depth and can only be secured safely by the use of the spade, so that the 
whole root may be secured without breakage. 

The marketable portions are trimmed of all side roots, washed, dried, and tied in 
bundle's for sale. 

The labor and cost of manure for thorough preparation of tbe ground from 2 to 3 
feet in depth, the planting and cultivation for 3 or 4 years in producing one crop, 
and the cost of harvesting the roots leads to the opinion that its profitable culture is 
doubtful, at least while the price of the article remains as at present. 

PRUNING GRAPES. 

. F. M.D., Steuben X^ounty, New York. There seems to be a diversity of opinion as 
to the best time to prune the grapevine. Soum prune in the fall and others anytime 
during the winter or spring. Many growers think there is no particular time better 
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than Aiiotbor so far as fruit is concerned. If the Department of Agrlonltare has any 
rule for this operation I wonld be obliged for information as to the time, and vhy 
any particnlar time is preferred, 

Atiawer, — ^The best time for the winter prnuing of grapes is soon after the fall of the 
leaves, and the sooner the better, for the reason that the buds will push witb more 
vigor in spring, will bear better fruit, will ripen somewhat earlier. This arises from 
the oircnmstance that the plant during winter continues to absorb more or less nu- 
triment by its roots, which is distributed in the branches or wood. If, therefore, 
pruning is delayed until the approach of spring this winter accumulation is largely 
destroyed and lost. When, however, the vine is pruned in the fall the winter acca- 
mnlatiun of increase will be deposited in the buds and parts left after pruning, and 
such buds will start vigorously and, in consequence of their better development, the 
fruit they show will be increased, and the shoots will advance rapidly in growth and 
attain maturity sooner than those from weaker buds, as may be tested by compara- 
tive trials and close observation of results. 

This becomes a matter of considerable importance in localities where the growing 
season is barely of sufficient length to ripen the fruit. 

TONKA BBAN. 

N. B. G., Oratige County, Florida. Among other tropical plants which I am trying 
to grow 1 would like to raise the Tonka bean plant, and would be greatly obliged 
for some plants or seeds of it for trial, also some information as to the particular valae 
and use of the bean. 

I hear of a wild vanilla said to be growing in some parts of this State ; wonld like 
to know something about it and where seeds or plants can be secured. 

Answer. — The Tonka bean is the seed of a tropical tree of Guiana, called Dlpterix 
odorataf which reaches to a height of 60 or 80 feet. The bean has a strong odor, 
somewhat resembling that of cloves, and is due to the principle called connmrlne, a 
fragrant principle found in the dried leaves of the vernal grass,' Anthoxanthum odora- 
ium, and in the leavea of the yellow melilot, Melilotus offidnalU, The Tonka bean 
has been used to scent snuff, hence it is called the snuff beau. It is sometimes em- 
ployed to adulterate vanilla. It imparts to true vanilla a sharp, rank odor and taste, 
which some persons think indicate '' strength,'' but it detracts from the genuine va- 
nilla flavor. 

The Diplerix would not succeed with you, as it requires a strictly tropical climate. 

The term wild vanilla is given to a composite plant of the Southern States, called 
Liairis odoraiUHma, The driod leaves emit a peculiar odor, also due to the princi- 
ple coumarino. The leaves are nsed in scenting tobacco and snuff. Tho Lialris is 
found in swampy woods throughout Florida, which, with the assistance of a local 
botanist, you can procure without much trouble or expense. 

ZANTR CURRANT. 

H. H. M., San Bernardino County, California. I am anxious to test the soil here 
in producing the **Zante Currant," and desire to know the kind of vine that pro- 
duces this fruit and whero plants can be obtained. 

Anstver. — The Zante Cnrrant is the product of a variety of the foreign grape aud 
will undoubtedly grow where other varieties of VHis viniftra flourish. 

It is merely a seedless form of a black grape ; the origin or cause of its being seed- 
less has not clearly been explained, except that it results from a deficiency of pollen 
at the blooming period of the flowero. Similar results are not uncommon with Black. 
Hamburg and other varieties when grown in glass structures; bunches will some- 
times fail to be properly poUenized, so that a few berries may rench full size with ai 
more or less percentage of small seedless fruits. 

Statements have been made that Zante currants can be produced only in Greece^ 
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And tliat ID otbeT coantrtes where It has been tried the plant will prodaoe so maD^ 
full-formed berries as to depreciate its valae as a currant crop. 

The plant has long been introdnoed into California and is advertised for sale by 
various nnrsorymeu throughout the State. 

UMB WASH FOR TREES. 

£• Z>. S., Steaben County, New York. I am told that the Department recommends 
the whitewashing of fruit trees as a cure for blights, yellows^ and other diseases. If 
this is true, may I ask what this wash consists of, and how applied so as not to injure 
the tree. Will not the clogging of the pores in the bark of the tree by a coating of 
liDie or othes wash do more harm than good f 

Some of my apple and pear trees have blighted to some extent, but I have seen it 
stated that washing the bnrk of trees has no effect, either as a preventive or as a 
care for blight. Can you inform me on this point f 

Answer. — The reports of this Department have nowhere recommended whitewash- 
ing as a cure for "yellows and other plant diseases/' but frequent mention has been 
made of the application on pear and other trees as a preventive of blight, at least on 
the parts covered with the mixture. No harm need be feared in regard to clogging 
the pores in the bark, as there are no pores in the bark that can be harmed by ^he 
application. 

Ilie wash is prepared by placing one-half bushel of lime and 8 pounds of powdered 
sulphur in a vessel of any suitable kind, covering with boiling water to properly 
slacken the lime. 

The mixture is applied with a brush, covering all parts of the tree that can readily 
be reached. The most potent ingredient of the wash is the sulphur. The heat of the 
Bnn acting upon the wash evolves sulphurous gases which are fatal to bacteria and 
microscopic fungi, which, as has been demonstrated, are active agent« in blight. It is 
well known that these microscopic spores are destroyed hy sulphurous gases and heat 
is required to evolve them. Sulphur applications are often made for the destruction 
of mildew on roses aud on other plants, but the efficacy of the sulphur depends upon 
its connection with a certain degree of heat; but it must not ignite. The gases of 
burning sulphur are fatal to the higher order of vegetation and are speedily destruc- 
tive to all plants. 

Those who have used this lime and sulphur wash on their orchard trees are pleased 
with the results and have faith in its efficacy in preventing blight. 

But it is well to keep in view that, while blight will not maintain on the portion 
covered with the wash, the fumes of the sulphur may not be sufficient to prevent blight 
on the extreme points of branches which can not be reached with the brush. If 
blight is discovered on a twig or on a branch it should be removed without delay. 
With this attention and covering the main branches with the wash losses from 
blight need not greatly be feared. 

RHUBARB. 

N. B.C., Walton County, Georgia. I am anxious to purchase a small quantity of 
seed of the true medicinal rhubarb. If you will kindly inform me of its botan- 
ical name and where it can be obtained, and anything you may know about its cul- 
ture or preparation for market, you will place me under great obligations. I want 
the best Turkey rhubarb, or the best commercial kind. 

u^nsirer.— Efforts hitherto made by the Department to procure seeds of the best 
medicinal rhubarb have not been successful. It appears that medico-botanists differ 
in opinions as to the species of rhubarb which yields the best medicinal root ; on the 
other hand, it has been stated that the roots of the common kinds, grown for culinary 
purposes under the name of pie* plant, yield good medicinal roots, and that much of 
the article in commerce comes from this source. 
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It is an article of very ancient nse. It is said to be mentioned by Chinese writers 
4,500 years ago. It is mentioned by early writers as having been brought from 
beyond the Bosphorus. The Rha, which came into Europe by the ancient 
caravan routes from northern China, by Bokhara and Asia Minor, was RhapanUeumt 
and that which came by Russia and Danube was called Mha-barharum. The 
designations Turlcey, Rnssia, East India, and Canton rhubarb merely indicate the 
commercial channel through which the article has been derived in modem times. 

To the species Rheum palmatum has been attributed the origin of Persian, Turkey, 
Russian, and Muscovite rhubarbs, and Chinese rhubarbs are said to be produced 
chiefly, if not wholly, by Bhenm australe. 

It is now claimed that the source of the best medicinal rhubarb is Bheumoffidndle, a 
native of Thibet. 

The ordinary species of rhubarb are herbaceous perennials, with a thick root stock 
and deciduous leaves. In Bheum oficinale, after the third or fourth year of its growth 
from seed, the root stock gradually decays and a stem is formed above ground from 
which roots are emi tted to support the plant. These stems have thick branches, often 
from 6 to 8 inches in diameter, and are the parts used in medicine, and not the rhi- 
zome or root. 

It is considered that very mach of the difference of appearance and quality of 
commercial rhubarb is largely owing to the time of lifting the root and the care given 
in its preparation for market. The roots are in many places taken up early in autumn. 
The Chinese dig up the roots early in spring, Just before the leaves appear. 

When the roots are lifted they are first divested of all small fibers^ then thoroughly 
cleaned by washing. After drying in the sun for several days they are cut in thin 
slices, and after a further due exposure to the sun a hole is bored in each slice and 
strung on a thread until properly dried. 

The pieces are then put through a finishing process by being placed In a close cyl- 
inder where they are subjected to abrasion by the rapid revolution of the vessel. 
This smooths their surfaces, liberating at the same time a fine dust or powder which 
envelopes each piece with a fine bloom, like tl^t upon the surface of a ripe plum. 

There is no reason to doubt that the root if grown in the warmer climates here 
would be equal to the best, provided species which yield a good article could be pro- 
cured. Its culture is simple and its preparation easily accomplished. 

GINSENG. 

P. W., Albemarle County, Virginia. Has the Chinese ginseng plant been culti- 
vated in this country f I would try it if I knew where to purchase seed. If yon can 
give me any information as to how seeds or plants can be had and how it is oalti- 
vated I will be obliged ^ also would like to know the probable profit of the crop. 

Jnswer. — So far as can be learned ginseng has not beep successfully cultivated in 
this country. It is a product of the woods, and efforts made in its culture have oot 
proved satisfactory. Chinese ginseng is closely allied to our native species; seeds 
have occasionally been received from China and Japan, biit so far as ascertained they 
have not vegetated. It is possible that they soon lose their germinating power, as, 
it is stated, the Japanese deposit the seeds in the ground as soon as they are collected 
in order to keep them fresh until wanted to sow. 

The Japanese cultivate the plant to some extent, and their method is to select a 
sheltered position and make a bed of leaf mold in which the seeds are sown, and 
where the plants remain until they are ready for use. These beds are protected 
from the sun by a roof of straw laid on poles, which are supported on posts. After 
growing 4 years the roots are lifted, carefully washed in boiling water, then dried in 
a high temperature until they become brittle. The best article sells for about (5 a 
pound in Japan. It is a plant v^bich does not submit readily to culture, and its pro- 
duction as a profitable crop vould be very doubtfuL 
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HORSK- CHESTNUT TREE. 

B. D., Oswego, New York. I undeistand that horse-cbestnats are raised in con- 
siderable quantities in France, and are used as food for horses, cattle, and hogs to 
fatten them. The nat has a bitter taste, and it is said that the French people use 
some kind of alkali to kill this bitter taste and thus make it palatable to their cattle. 
I wish to find this out, and my reason is that in this city and connty horse-chestnuts 
are grown for shade trees, and thus large quantities of the nnt-s arc giown and go to 
waste, and we want to know how to use them. Also, the wood is white and could be 
used for fancy work and finishing furniture. Have you data on the utilization of 
the horse-chestnut tree f 

Answer, — The nuts of the horse-chestnut tree, JEsculus hippocaskinumf contain about 
20 per cent of starch, but contain a bitter principle, which makes them unpalatable 
to most animals, although it is stated that goats, sheep, and deer eat them. They 
are some times boiled, which reduces their bitterness, and are then fed to poultry. 
When the nnts are dried and reduced to a coarse flour the bitterness is removed by 
simply washing the flour with water. A paste made with this flour before washing 
is used by bookbinders and pasteboard manufacturers, its bitterness saving it from 
the attacks of insects. The bitter principle is called escnlin. 

The following products are obtained from the nnts in France : 

(1) An alkali lye from the burnt seed vessels. 

(2) A charcoal from the skin of the nut, which forms the base of difierent printing 
inks. 

(3) From the amylaceous pulp the fecula is extracted, which can be transformed 
into dextrine, glucose, alcohol, or vinegar. 

(4) A fatty matter, which serves to make a kind of soap, and which is also em- 
ployed to render certain mineral colors more fixed and solid. 

(5) A yellow coloring matter, which serves for various purposes of dyeing. 

(6) The ashes of the burnt nut contains 75 per cent of potash. 

(7) The bark has been used as a substitute for cinchona. 

(8) Tannin is found in all parts of the tree, leaves, bark, and fruit. 

(9) Water in which the nuts are boiled is used for bleachiug hemp, flax, and other 
fibers. 

INDIA GRAINS. 

M.H.N., Texas. During a residence in India I became acquainted with several 
kinds of grain which are superior to anything grown in this country as feed for stock. 
These grains are grown in the dry regions, and for that reason I think thoy would be 
specially adapted to southwestern Texas. There is a kind called Gram grown in 
central India, and in southern India another kind also called Gram. These are ground 
before fed to stock. Then there is a grain called Bajery, which is used for making 
bread, of which the yield per acre is very large. 

The Department might procure these seeds through the consular service or from 
merchants in Bombay. If they can be secured I will have them tried in southwestern 
Texas and make known the result. 

Answer, — The word Gram fsrused in India to designate various kinds of peas and 
beans grown for food, just as we use the word grain to designate various useful seeds. 
Among the species known as Gram the following are noted : Cioer arieiinmn, Phaseolua 
of many kinds, DoHchos uniflorus, Soja hispida, and various species of Yigna, which 
are largely grown in the Southern States under the name of cowpeas. These, how- 
ever, are not peas ; they are small beans. 

Bajery or Bajree is a name applied to the seeds of Penicillaria apicataj which is 
well known here as pearl millet, and may l«e procured from most dealers in agricul- 
tural seeds in the United States. 
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8KRDLING ORANGES. 

M. E. R.y Frederick Coanty, Maryland. I have three orange and one lemon tree in 
tubs; the plants are about 4 feet high; the lemon tree is the tallest. They have 
not bad any blossom, and I am told that before they will flower they ranst be cot 
down and grafted ; bnt the plants are so tino, and 1 valne them so highly, having 
raised them from seeds planted by myself, that I will be very sorry to have them cot 
if it can be helped. Please inform me if it is trne that they will not flower unless 
they are grafted. 

^ti«ir6r.~Undoubtedly they will flower without being grafted. Probal^ly one-half 
of all the fruit-bearing orange treect on this continent have never been grafted, but 
they seldom blossom until they are 8 or 10 years old, nnless under special treatment. 
This special treatment consists in what is technically known as '* stunting'' the 
plant, or allowing it to become " pot-bound,'' thus retarding its growth for want of 
nourishment, which in all cases tends to the formation of blossom buds, and checks 
the growth of wood. But this must not be carried so far as to interfere with the 
general health of the plant, because it would then have a tendency to produce dis- 
ease. 

Orange trees are grafted or budded only when it is desired to extend by propaga- 
tion any particular variety. 

The orange reproduces itself from seed more closely than most varieties of tree 
fruits, but no dependence can be placed upon this mode of reproduction for aboolnte 
similarity in all of the essential qualities. But budding or grafting has a tendency 
to hasten the flowering period, and the operation is often performed for this purpose 
on the orange where it is grown only as an ornamental plant. 

PEEN-TO PEACH. 

B. F. G.y Wilmington, Delaware. I have applied to several nurseries for plants of 
th^Pecn-to peach, but have not been successful. In reply to my last applicatioo I 
was informed that the variety would not live in Delaware, and also that the fruit 
was small and not worth having. 

This does not conform with what I have heard about the fruit as grown in the Sonth, 
where it is claimerl to be the earliest and best peach that they can grow. What 
is the experience or knowledge of the Department on this tree and fruit f 

An8iver,—l!he Peen-to peach will not do well in your climate; the winters are too 
severe for it. 

As to the fruit, it is, when well grown, not above the medium size, and when fally 
ripened on the tree is of fairly good quality for so early a fruit, but ifgathered before 
full maturity it has somewhat of a bitter taste. 

In portions of Florida, where the common peach rarely bears fruit, the Peen-to is 
the earliest and best peach they grow, and it will undoubtedly be the parent of a 
class of trees particularly suited to that climate. It is stated that already seedlings 
of the I*een-to have been procured which prove to excel the parent both in size and 
quality. 

INDIQO. 

H. S. B., Sanford, Florida. I should be much obliged if you could give me any 
Information as to the planting, fertilizing, and preparation of indigo, and also if it 
would flourish in this soil and climate. 

Answer. — ^The indigo {Indigoftra iitictoria) is a native of Asia, but has been cnlti- 
vated in many parts of the world. Indigo was at one time an article of export from 
South Carolina and other Southern States, but its production iti the States has long 
ceased to be of commercial importance. 

The plant requires a moderately rich soil, the seeds being sown early in spring, 
sometimes broadcast, bnt preferably in shallow drills about 16 inches apart, so that 
weeds can be removed or kept down by hoeing. The plant will be ready to cut in 
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abont 3 months after soaring the seeds. They are cut Jnst before coming into flower, 
and if conditions of growth are favorable a second crop may be ont in abont 2 
months afterwards. 

The coloring matter does not exist as indigo in the plant, bnt when the plant is 
steeped in water and subjected to certain processes the blue color is educed. 

As soon as the plants are cut they are thrown into vats of water, where they are 
allowed to remain until sufficiently macerated. The liquid is then drawn into an- 
other vat, where it is subjected to agitation by beating with rods for several hours, 
or until the water changes from a greenish to a deep purple color. It is then allowed 
to settle. The water gradually clears and the indigo sediment is found on the 
bottom of the vat. 

It is then boiled, strained through bags, and otherwise treated until prepared for 
commerce. 

All tA processes require careful, skilled treatment to secure the best results. 

Indigo was produced near St. Augustine prior to the year 1700, and records 
show that it was cultivated in Virginia about 1680. 

There seems no reason to doubt its adaptability to the climate of southern Florida, 
provided the seed is sown in deep rich soil, but it is somewhat doubtful that it would 
prove to be a profitable crop. 

NAVEL ORANGES. 

From Putnam County, Florida. As there seems to be an uncertainty about the 
proper distinction regarding navel oranges, I would be pleased to have you inform 
me whether or not the Bahia, Washington navel, Riverside navel, and Parsons navel 
are all one kind. Also, would like to know if any of these were ever sent to Florida 
by your Department. 

Answer, — Of the above the only variety of the navel orange sent out from this De- 
partment was the Babia. This variety was imported from Bahia some years ago, 
and to designate it from other navel oranges the name of Bahia was attached to it. 
Young plants of this variety were distributed in California and Florida abont the 
same time, bnt mostly in Florida, where there are now large trees of first distribu- 
tions. However, the conditions of climate, probably,in California seemed to suit the 
variety better than Florida. At all events, its value there soon brought it into no- 
tice, and as it first fruited at a place named Riverside it received that name, also 
that of Wadhington, thus ignoring the name on the label attached to the plant when 
received. 

As to the variety known as Parsons navel, this Department has no knowledge of 
its origin. 

With regard to the distribution of the Babia from here, as between California and 
Florida, many more have been sent to the latter-named State. 

NETTLE FIBER. 

From South Carolina. I wish you would advise meof any improvements or develop- 
ments that have been made recently in the preparation of nettle fiber. Onr country 
is overrun with nettles, and it would be a blessing if they could be put to some use. 

Jnsiver, — The Department is not aware that nettle fiber enters into commerce to any 
extent. Ramie, one of the best fiber plants of the nettle family, has considerable 
commercial value, but the expense of its preparation for market has, hitherto at 
least, prevented its profitable culture, although machinery for its profitable prepara- 
tion has lately been announced. 

EUCALYPTUS TREE. 

From York, Pennsylvania. I have seen it stated at various times that Eucalyptus 
globulus trees were being planted in the public grounds Id Washington on account of 
their supposed power to prevent malarial emanations from the soil. 
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DesiriDg to plant a shade tree Iq front of ray honse, I desire to ascertain Tvhether 
the Enoalyptiis is likely to thrive well in this climate. 

AfiBwer, — ^The EucahjptuB globulus has not been planted in the public grounds at 
Washington. 

The tree is altogothor too tender for this climate. It will not withstand more than 
50 or 6^ of frost, and has been killed by cold at Galyeston, Tex., and in Florida as far 
south as latitude 29*^. 

PERUVIAN TBA. 

E. U,, North Carolfna. Can you furnish me with any plants of the Pernyian tea 
or niat^ for experiment here f 

Jnaicer,— The plant which yields the leaves used as tea in Brnzil and Peru is Ilex 
para^uayenHs, a large-sized tree, which would not' grow in North Carolina. 

It seems nnnecessary to ignore the Chinese tea-plant, CameUia Ihea, which will grow 
well in most parts of North Carolina, and contains more theine than the Peruvian 
{ilant. 

BLACK PEPPER. 

A. C. P.| Portland, Oregon. If possible I should like to be supplied with seeds of 
the Black pepper tree or vine from the most northern latitude where it flourishes. I 
would try the experiment of raising it in the warm valleys of southern Oregon. 

Answer^ — The Black pepper vine, Piper nigrumy is a tropical plant, therefore it 
would be futile to expect it to grow in any part of Oregon ; it requires even a warmer 
climate than either the Pineapple or the Banana, neither of which can be cultivated 
profitably in Oregon. 

RAMIE. 

B., New York. Can Ramie be successfully grown in this State f 
Answer'. — Ramie can be grown in New York State by lifting the roots during the 
fall aud preserving them all winter, like potatoes. Bnt for commercial purposes this 
process would not be profitable, unless the profits on the crop were greater thantbey 
are at present. South of Maryland the plant occupies the ground like clover, and 
once planted no renewal is needed for many years. 

MAHWAH TREE. 

A. p.. South Carolina. I send yon a slip from a newspaper strongly advocating 
the introduction of the Mahwah tree from Africa as a sn gar-producing plant of more 
value than any other sugar plant now in cultivation. Please send me some seeds or 
plants for trial here, or inform me where they can be procured. 

Answer. — The Maliwah tree, Bassia latifolia^ is a native of Bengal and other highly 
tropical districts in the East Indies, and it is far from probable that it would flourish 
anywhere in the United States, but certainly it could not stand the climate of South 
Carolina. The flowers of this tree are sweet to the taste, and are eaten raw by the 
natives of Guzerat and other places where the trees abound. A fiery kind of spiiits 
is distilled from the flowers. 

The sugar of these flowers is mainly uncrystallizable. Analysis of sun-dried flowers 
yield 56 per cent of sugar and 15 per cent of water ; further analysis showed that 
sucrose (cane sugar) was only present in the proportion of 2 per cent while glucose 
(IsBvnlose and dextrine) yielded 52 per cent. Hence it can not possibly be substi- 
tuted for cane or beet sugars. Of nitrogenous matters the flowers contained 2 per 
cent. The usual proportion of useful nitrogenous food should have one part of flesh 
formers to five saccharine ; but in Mahwah flowers it was only two to fifty-five, hence 
these have but little of nutritious value. 



Ill 

OtAGE ORA^GK. 

Li. B. C, Missouri. I write to ask if you can tell me of a way to destroy the osage 
orange hedge fence. This is becomiDg unpopular among the best farmers on account 
of the cost of trimming, making it hog-proof, and its taking the substance of the 
ground for such a wide space each side of it. Cutting it, letting it dry, and then 
barning will not do, as it will sprout again from the old roots. 

Answer, — The best method of destroying the hedge is to cut the tops of the plants 
so that the remaining stock and roots can be grubbed out, and the more effectually 
these are removed the less trouble will result with sue kers; but when these do ap- 
X>ear they should be hoed out as other weeds are destroyed. Plowing the ground 
deeply for several feet on each side of the original hedge line will break and bring to 
the surface some of the roots, every fragment of which should be removed. It will 
not be practicable to get rid of every piece of root at once, but if timely attention is 
given to the removal of such growths as may appear, the whole will eventually be 
eradicated. 

WELL-RIPENED WOOD. 

This is a technical phrase much used by fruit-growers to indicate a 
favorable condition of fruit- bearing plants, and as indicating the basis 
of success for fruit production and healthy vitality of the plant. No" 
plant can long remain in a state of health if placed under conditions 
where its yearly growths do not mature, and it can not be too vividly 
impressed upon the mind of the cultivator of fruits that full and com- 
plete maturity of the seasonal growths of his trees and plants is the 
foundation of success. Without it, so far as fruit production is con- 
cerned, failure is inevitable. 

The amount of cold which plants can endure without injury depends 
greatly upon the degree of maturity of their growths. Too much im- 
portance can not be placed upon the recognition of the fact that what- 
ever tends to render plant tissue moist increases the susceptibility of 
the plant to injury from cold, and whatever tends to reduce humidity 
and' hasten the conversion of fluid matter into woody fiber increases its 
power of resisting cold, and it is clearly within the province of the cul- 
tivator to largely control this power of resistance in plants so far that 
failures or successes will in many cases depend upon his perception of 
the application of principles influencing vegetable growth. 

It would be no easy task to determine how much of the disappoint- 
ments and failures in fruit culture are due to luxuriant late growths which 
have been struck by cold, and growth arrested before reaching maturity. 

The amount of cold that plants can resist without being injured can 
not be definitely answered, because a plant will sometimes be destroyed 
by a degree of cold that it previously encountered without harm. This 
simply shows that the resisting powers of plants are not const»ant, but 
that they are dependent upon the condition of growth with reference 
to its maturity. 

Future investigation will undoubtedly determine that most of the 
so-called diseases of plants originate from injuries received from sudden 
checks of growth, and it will likely be found that the results, although 
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altimately fatal, may linger for long periods before final termination, 
and observation has led to the conviction that such instances are by 
no means rare. 

It may often be observed that in an orchard or plantation of trees of 
any kind individual plants will suffer and show disease while closely 
neighboring plants remain in perfect health. In such cases it will be 
found that the injured plants are those which, for some reason, are the 
most succulent of growths, and succumb to influences from which 
those of mature growths are exempt, and thus '' the one is taken and 
the other left.^ 

The result of cold acting upon succulent shoots is well exemplified in 
the case of peach trees. The disease known as '^ yellows " has long 
been attributed by reliable authorities, and this on grounds which have 
never been successfully controverted, to the freezing of immature 
shoots in the fall. 

Downing, 40 years ago, in his ^^ Fruits of America," referring to 
pea(5hes, says : 

And it is well worth remarking that certain fine old sorts, the ends of the branches 
of which have a peculiar mildewed appearance, which seems to check tho growth 
withoat impairing the health, are rarely if ever attacked by the yellows. Slow- 
growing and moderately prodnctive sorts are almost entirely exempt. 

Again, on the same subject, he states — 

The roost Inxnriant and healthy growing varieties appear most liable to it. Slow- 
growing sorts are rarely affected. 

In Britain peaches are always grafted on plum stocks, which has a 
somewhat similar effect upon the peach as that produced by grafting 
the pear on tho quince ; that is, the growth is checked, and succulent 
late summer shoots prevented. 

The following extract from a late number of an English periodical 
shows how the yellows in peaches is produced in that climate: 

I never had to deal with peach trees on poach stocks, but the history, of the peach 
stock is not favorable in some climates. The late Mr. Thompson, of the Chiswiok 
Gardens, relates how the trees on the peach stock at Chiswick 'Mnvariably became 
affected'' and were done away with as useless. In America the peaches are on the 
peach stock, and the trees perish wholesale from the same disease that attacked 
them at Chiswiok, viz, the yellows. 

If I could be snre of a blazing sun and long hot summers I wonid nse the freest 
growing stock I conld get, but I am told that peach stock makes gross roots which 
produce equally gross shoots that can not always be ripened here, even nnder glass, 
and not at all out doors, and a foundation of ill-ripened wood is the beginning of 
all evils. 

The following remarks are taken from a Maryland paper of date 
November, 1870: 

I am clearly of the opinion that the great drawback to the peach is that in many 
places it has no chance to fully ripen its wood ; I mean that the trees grow so con* 
tinuously, and sometimes very luxuriantly, until their foliage is suddenly destroyed 
by frost. There is no gradual change of color in the foliage during autumn, follow64 
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by natural faU of leaves before oold weather, as we see in most other trees, bat on 
%he contrary, the trees maintain their green foliage and keep pushing ont young 
leaves until a severe frost occurs and completely checks growth. This sudden check 
and its efiects upon the vitality of the plant produce, in my opinion, the disease called 
yellows. 

It is in the power of the paltivator, in some cases, to modify the 
conditions which enconrage late growths, as well as to lessen the evil 
effects which result from frosted growths. It is readily apparent that 
trees set in constantly damp or very rich soil will have their growing 
season prolonged beyond those planted in dry or poor soils. It is also 
evident that in districts where the season for active growth is compar- 
atively short, the soil should be well drained and manures sparingly 
applied, and only in spring. In such cases stimulating culture should 
not be prolonged through late summer, and even should weeds appear 
they should be mowed over with a scythe rather than to disturb the soil 
by cultivator or plow. 

But something can be done even with plants that have been injured 
by the freezing of unripened growths, and that is the immediate re- 
moval of the injured shoots, pruning them back to sound wood. If this 
is performed in time the plant may escape further injury. 

In some parts of Florida the orange trees occasionally suffer from 
slight frosts. During an unusually severe frost a few years ago many 
of the young orange groves suffered quite severely from freezing of 
succulent shoots. Hundreds of plants were destroyed and were re- 
moved during the following summer, and hundreds of others lingered 
on for a time, making sickly, yellow-leaved shoots, indicative of the 
cause of their unhealthiness. A prompt removal of the injured shoots 
would have saved most of these trees from utter destruction. 

One of the most effectual methods of hastening the maturity of yearly 
shoots is that of pruning the roots, or by restricting their growths. 
The restriction of root growth is applicable to plants in pots or tubs. 
Florists recognize the fact that, with many kinds of plants, the best 
flowering results are obtained when the pots in which they are growing 
become well filled with roots. When this condition is reached vigorous 
growth is checked and flower buds are produced in profusion. With 
some perennial plants this cramped condition of roots is allowed to 
exist for years, the plants being stimulated during the period of wood 
extension by applications of liquid manures. 

Pruning the roots to hasten maturity of wood growth is of long and 
successful practice. In no instance have we seen it so marked as when 
applied to the roots of Asiatic conifers, and also those of our own 
Pacific coast. These plants have a tendency to make late growths 
during the moist autumn weather of the Eastern States, and this 
growth is mostly destroyed by early winter frosts. A marked instance 
is recorded where an avenue of the Japan cedar, Oryptomeria Japonica^ 
had each alternate tree root-pruned in August, which completely 
stopped their growth for the season. The trees not operated upon 
28581 8 
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added from 18 inches to 2 feet to their growth, after the root-pruned^ 
specimens had ceased to lengthen. The result was that the trees op- J 
erated upon stood through the winter unharmed, while those not root- 1 
pruned were frozen back so severely that they never recovered, bat i 
gradually died of the yellows. 

NOTES ON ORANGE CTTLTURE AND THE PINEAPPLE. 

Becent visits to Florida in the interest of the Department have en- 
abled me to acquire some knowledge of the climate, soil, and prodne- 
tions of that State as far south as latitude 28^. The following desultory 
remarks, the result of observations made, are offered for what they may 
afford in the way of answering some of the many inquiries constantly 
being directed to this division by prospective cultivators and residents 
of Florida. 

For at least 9 months of the year the climate over the larger por- 
tion of the State may be considered as being tropical, so the most of the 
.vegetation of warm countries will find a congenial atmosphere dunng 
that period. Occasionally this tropical season is longer than that stated 
above, especially in the most southern parts ; but there is a liability to 
a brief season of low temperature about the end of November sufficient 
to injure tender vegetation, although the weather may afterwards as- 
sume its tropical conditions for weeks. During the winter months an 
occasional depression of temperature, running down to or below the 
freezing point, may occur at any time up to the end of February or 
later. These fitful periods of low temperatures are very injurious to 
early crops of culinary vegetables, as well as to all plants which have 
started into growth. 

The early winter frosts are also hurtful to plants which have succu- 
lent shoots not sufficiently matured to withstand the low temperature. 
This is especially noticeable on young orange and lemon trees which 
have been subjected to constant culture or to recent applications of 
fertilizers, causing a stimulation to late growths. Trees of any age, if 
so treated, will be liable to injury from slight frost, but when the shoots 
of the previous season on old trees are well matured they are not sen- 
sibly hurt by frost severe enough to injure their matured fruita; but 
young trees are more sensible in this respect, so that the management 
of young orange groves requires a greater degree of discriminate care 
and consideration than is necessary with trees of deciduous habits. 

Orange groves located in the neighborhood of Indian Biver have loog 
been noted for their superior productions, and packages of oranges \ 
marked ^' Indian Biver" command a higher price than those from other 
sections of the State. Inquiries have frequently been made with a view 
of ascertaining the cause of the reputed superior qualities of these 
fruits, but answers to these inquiries have not been explicit or satis- 
factory. A recent visit in that section of the State, and a studied in- 
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tioD of the soil, cnltarc y and general condition of orange trees in 
laces where the products were typical of the best results of that re. 
ion, resulted in the conviction that the superiority of the fruit was, 

imaril;, owing to the sjieltered and shaded position of the trees, 
he soil in which they are growing does not differ from that in many 
arts of the State, although it contains a larger portion of organic 
matter than can be found in numerous localities where orange trees are 
planted, but even when this deficiency is supplied on lauds openly ex- 
posed to sun and winds, the products will not generally compare favor- 
ably with those from sheltered groves; so that the conclusion seems 
clear that the superior quality of the fruit is owing to the fact that the 
trees producing it are afforded an ample degree of shade and protec- 
tion. It may further be presumed that in any part of the orange belt 
or climate where the trees are similarly sheltered fruits may be pro- 
duced equally good in every particular. 

In passing through the country the effects of shelter, especially on 
young trees, is everywhere apparent. It might truthfully be stated 
that the best looking young groves are those which are best protected. 

As the trees increase in height and expanse they will, in a certain 
degree, shelter each other, and so far as they shade the ground and 
break the force of drying winds so far will evaporation of moisture be 
reduced ; but a recognition of all the facts pertaining to the growth of 
the orange would tend to the conclusion that the trees would be bene- 
fited by being well sheltered, if not also partially shaded, no matter 
what their age may be. 

What might be termed conclusive evidence on this point is afforded 
by the localities in which the sour or bitter orange has become natural- 
ized. This plant asserts itself as an example of the '^ survival of the 
fittest " of the Citrus family in this State, under strictly natural condi- 
tions of propagation and growth. 

There are throughout parts of Florida extensive tracts of rather low 
lands, where the palmetto abounds and flourishes, interspersed with a 
variety of oaks and undergrowths. Here also is found the so-called wild 
or sour orange, luxuriating in and forming a part of the dense thickets, 
nourished by a soil rich in organic matter, and sometimes growing in 
places where their roots are covered with water for weeks at a time. 

Some of the most valuable orange groves in the State have been 
formed by a partial clearing out of these thickets, removing the tops 
of the wild orange trees and budding the plants with the best varieties 
of sweet oranges. Looking into these seminaturalized groves we ob- 
serve an indiscriminate assemblage of orange trees and tall palmettos, 
the latter towering above the former, which give evidence by the vivid 
color of their leaves and the brightness of « their fruits that they enjoy 
the shade and protection thus afforded them. The fruit from these groves 
is noted for fine appearance and quality, and if intermixed with ^'In- 
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dian Biver" oraoges the task of separating them would be difficult if 
not impracticable. 

The comparative freedom firom rust on the fruit produced in groves 
where the trees are afforded protection is worthy of special notice. It 
is attributed to the ravages of a minute insect, but I find that many 
persons are undecided as to whether the insect is the cause or only a 
consequence of a diseased condition which has been produced by other 
influences. 

If we now direct our attention to thousands of acres of young orange 
groves which may be found throughout the State planted in sandy soils 
on high pine lands, and contrast their condition and appearance with 
those which have been described, the difference will be found as strik- 
ing as it is apparent, even to the casual observer. 

In the preparation for planting an orange grove on pine lands the 
first process is that of removing all the forest trees, taking them up by 
the roots, and clearing up the land so that it can be broken up with the 
plow. After thorough preparation by plow and harrow the soil is ready 
tor the orange trees, which are carefully set out. Without shade, shel- 
ter, or any kind of protection from the scorching sun and arid breezes, 
the young trees are subjected to great vicissitudes. When rains are fre- 
quent vegetation proceeds rapidly ; a .week or two of dry weather inter 
venes, and active growth receives a check for a time; the foliage of the 
young tree loses its vivid color, and this is considered as indicating the 
need of a manurial dressing. Fertilizers of some kind are applied, raius 
follow, and growth again proceeds satisfactorily so long as sufficient 
moisture is present in the light sandy soil. 

This somewhat erratic condition prevails in a more or less decided 
manner during the active growing period of the year, and may extend 
into the early winter with but a slight lowering on the general summer 
temperature, until a sudden depression is experienced, and the ther- 
mometer indicates that the freezing point is reached. The temperature 
again rapidly rises, and the scorching rays of the sun, pouring through 
a cloudless sky, produce disastrous effects upon the frost-bitten tender 
shoots and leaves. 

When young trees have been subjected to such casualties it is a diffi- 
cult matter to prognosticate the extent of the injuries they have re- 
ceived ; much depends upon the individual plant ; but in a general way 
those which have shown the greatest luxuriance will suffer most. Of 
course injuries from frost depend upon its severity. Six to eight de- 
grees of frost may prove fatal, even although the plants may linger 
between life and death for a year or two. If the sap of the plant be- 
contatninated from that of the frozen shoots or branches, an early death 
is quite certain. 

A simple precaution, and one that may be looked on as an effectual 
preventive from further injury to the frost-bitten plant is to remove the 
injured twigs as promptly as practicable. The longer this is delayed 
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the deeper seated the injnry becomes. The diseased portions will ex- 
hibit a discoloration in the wood, and all such partiS should be removed. 
The following extract from a recent publication was communicated 
by a well-known horticulturist and successful orange-grower, and is 
worthy of the serious consideration of every person contemplating the 
establishment of an orange grove on forest lands : 

I wish to say a word about the plan of deadeniug tlie timber instead of making a 
naked clearing, which is often referred to as a ''shiftless cracker way." I came to 
Florida many years ago with these same prejudices very strong against the ''shift- 
less cracker'' deadening. I cleared off every tree and stnmp and planted to oranges 
and lemons 25 acres of heavy pine timber. I think I have learned something by 
experience, and I can now see the " crackers " were right and I was wrong. 

A deadening is vastly superior to a naked clearing in economy and favorable con- 
ditions for the growth and health of the newly set grove. 

As soon as the timber is deadened it ceases to make damaging drafts on the soil, 
and it makes a semi shade on the gronnd very grateful to the young tree in its new 
quarters. It also breaks the sweep of the winds and thus decreases the evaporation 
from the tree and the soil in which it is placed. After awhile the leaves begin to 
come down and cover the gronnd with a thin mulch, retaining moisture and protect- 
ing the soil from the blazing rays of the sun. A year or more later the smaller twigs 
and fragments of bark are added to the leaves, and when the ground is plowed a 
most valuable dressing of vegetable matter is Incorporated in a soil whose greatest 
want is humus. At the end of three years your grove is well established and the 
decaying timber begins to be dangerous. Then chop it down. All the branches and 
much of the bark will break into fragments so small the plow will dispose of them. 
Cut up the bodies in some 10-feet lengths and pile them in the checks midway 
between the rows. In 3 years more the sap wood and a large part of the heart will 
be thoroughly rotted and can be spread and plowed in like a manure pile. Those 
hearts that remain sound are valuable for posts, rails, and fuel. The cost of clearing 
a lot after it has been dead 3 years is abont two-fifths of the cost of clearing green tim- 
ber. In fact, the interest for 3 years on the cost of clearing green timber will nearly 
clear the deadening. 

Bnt, after all, the great gain is in the superior vigor of the young grove the first 
few years and the great improvement to the soil by the shade and added humus. 

There are many hundreds of acres of young orange groves which 
would be greatly assisted by the introduction among them of some kind 
of tree for shelter. Additional trees would involve additional expenses 
for manure; the trees should therefore be of such kinds as would af- 
ford some remunerative crop. Poach trees and Japan persimmon might 
be tried, although an evergreen tree would be more valuable. The Lo- 
quat, known in man3'^ localities as Japan plum, having heavy foliage, 
would afford efiective protection; it is also much hardier than the 
orange. Perhaps the olive tree might be profitably employed. Of 
course any tree used for this purpose would be removed when their 
presence was no longer required. 

PLANTING A GEOVB. 

There are numerous methods iu vogue for establishing an orange 
grove. That most widely adopted, according to my observation, is to 
set out trees three or four years from the seed. 
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Those are prodaced from seeds which have been saved' from good 
kinds, so that, in the event of the trees not being budded, they will 
prodace fruit of at least average merit. It is well ascertained that the 
orange reproduces its kind more closely than does any other class of 
long cultivated fruits ; but there is still much difference in the quali- 
ties of oranges from groves where the trees have not been budded, a 
fact which purchasers of these fruits soon discover. It is questionable 
if this method is the best that can be followed for either of the two 
purposes in view ; that is, whether these trees are the best for budding, 
and, again, whether it is advisable to trust to seedling trees for the 
best marketable products. 

Trees of the ages mentioned are too old to be set out for budding. 
After being set out they are usually allowed to establish themselves for 
some time before being budded. By that time tht)y have made a well- 
developed top of small branches, all in a healthy and vigorous condition. 

The trees are budded in their main stems at points varying in their 
distances from the ground, and seemingly as found most convenient to 
the operator, and after the buds are well started the entire top of the 
stock is removed. This is a severe check to root extension. The plant 
will make eftbrts to restore the former balance which existed between 
the roots and the leaves by throwing out young shoots or suckers, whicli, 
right or wrong, are promptly removed, thus throwing the whole force of 
the plant into the growth of one shoot, which progresses rapidly, pro- 
ducing large leaves and a bulky succulent shoot; a condition which 
maintains until its growth is suddenly arrested by cold nights, and if 
frosts occur the results are disastrous. 

There are thousands of orange trees in Florida, to my personal knowl- 
edge, which are in stunted, scrubby condition from causes such as those 
outlined above, and which should, as a matter of pure economy, be re- 
moved at once, and their places supplied by a better class of plants. 

The best class of trees are those which are produced by budding 
healthy stocks not more than two years from seed, and when the buds 
have made a growth in the nursery the trees will be in good condition 
for permanent planting. In some countries the orange is mainly propa- 
gated by grafting; in Florida it may be said that budding is the only 
method practiced. 

With regard to the relative merits of the sweet and the 6our orange 
as stocks opinions are varied. The sour stock is regarded as being 
more hardy under low temperature, and as wij:hstanding greater ex- 
tremes in respect to wetness or dryness of soil. The opinion which is 
sometimes mooted, that the sour stock impairs the sweet flavor of the 
fruit, does not seem to be of much importance, since it is well known 
that some of the best fruits are produced on these stocks. 

Some growers expressed an indifference as to the kinds of stock they 
used for budding upon, but the preponderance of answers in reply to 
interrogatories on this point was in favor of the sour stock. 
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Northern orchardists find it to tbeir advantage to purchase their 
yoang fruit trees from reliable nurserymen whose business it is to propa- 
gate and supply such trees, healthy as to vitality and authentic as to 
name and character. Promoters of orange groves will ultimately learn 
that it will prove most economical and in every way to their advantage 
to procure their young trees from similar sources. 

As to trusting to seedling trees for the best marketable products, 
it is found that opinions do not vary so much on this point as they did 
some years ago. Consumers are learning that there are differences in 
oranges as there are in apples, pears, and other fruits, and shipments 
of choice named kinds will take precedence over those which contain 
fruits of various merits as gathered indiscriminately from groves of 
seedling trees and whose uniformity can not be guarantied. 

THS PINBAPPLE. 

The pineapple can not be considered as a perfectly safe crop in Florida 
north of the twenty -eighth degree of latitude. Its cultivation is some- 
times attempted a full degree north of this limit with winter protection, 
and unless the thermometer sinks below 30^ they will pass through the 
winter unhurt. Being allowed ample space and freely manured, the 
plants attain large size and produce fruits from 4 to 9 pounds in weight 
varying according to the variety. 

Pineapples are commonly protected by erecting a horizontal platform 
of small poles or laths, supported by posts, and elevated high enough 
so as not to interfere with the upward growth of the plants. This plat- 
form is closely covered with palm leaves during the winter, and forms 
a good protection againt light frosts. A slight shade is always allowed 
during summer. This, it is claimed, enhances the value of the fruit, 
causing it to be more tender and juicy than it would be if exposed to 
the full force of the sun throughout the summer. The plants are usually 
grown in beds 8 or 10 feet in width ; the covering is thus easily applied. 

North of the latitude mentioned pineapple production in the open 
field does not appear promising, unless in exceptionally favored places 
and under the best conditions of culture. In the plantations visited, 
on an island near the southern junction of the Indian and Banana Elv- 
ers, the plants appear to be set about 18 inches apart, in masses, thus 
preventing effective cultivation. The brown and bleached aspect of the 
leaves indicate injury from cold weather. The fruits are mostly small, 
and having to enter markets in competition with fruits of the same 
kind imiiorted from the West Indies, which sometimes sell at prices 
not much above those given for the best oranges, the profits are not 
encouraging. 

When plants are allowed space for full development, and due atten- 
tion given to the slight protection necessary during the winter, fruits 
weighing from 6 to 10 pounds are produced, and these command 
remunerative prices. 
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PREFATORY NOTE. 



In publishing for general information the following report of Special 
Agent C. J. Murphy, to whom I intrusted the duty of introducing 
American com to the attention of the people of Europe as a human 
food, I have thought well, for the information of those interested, to 
supplement it with an article prepared by Dr. H. W. Wiley, Chief 
Chemist of this Department, on the food value and chemical composi- 
tion of corn. I have also caused to be prepared in the Statistical Divi- 
sion an article upon the extension of foreign trade in Indian corn, of a 
general character, for which the records of that division afford special 
facilities, to which are appended various statistical tables which will 
enable the reader to form a just estimate of the extent and availability 
of our resources in the production of this important cereal. 

I desire to call special attention to two or three points in the matter 
which follows. In the first place, I wish to emphasize the necessity, 
indicated by Special Agent Murphy, for vigorously following up the 
efforts of this Department by the individual or combined efforts of 
parties interested in the trade in this product. 

The thought is also suggested by the chapter on "The Food Value of 
Maize'' that this great American cereal is specially adapted, from its 
constituents, for use as a part of the dietary of the inhabitants of north- 
em climates, who are unable to produce it on their own soil. Hence, if 
properly introduced and adopted by these people, we may reasonably 
look to them for a permanent market for a portion of our corn crop. 

Thirdly, in his observations on the extension of the foreign use of 
com, the Statistician presents some features of special interest with 
reference to the availability of Indian com as a part of the army 
rations — a matter of extraordinary importance for countries whose 
conditions necessitate the maintenance of a large standing army. Pecu- 
liar interest attaches to these considerations from the fact that our 
special agent in Europe has already succeeded in interesting responsible 
officers of a foreign government in the matter from this point of view. 

Lastly, I desire to point out to those countries who are in a greater 
or less degree dependent upon foreign imports for a portion of their 
food supply the desirability of acquainting their people with the uses 
of so nutritious and economical a substitute for other cereal foods as 
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Indian corn, particularly in view of the fact that the probability of 
political complications interfering with their trade with this country is 
e8i)ecially remote. It would seem probable that the foresight of the 
German Government has already recognized this fact, and the cordial 
cooperation which our special agent is now receiving from Government 
circles in that country is no doubt due to the conclusion that, in the 
matter of food sui)ply, it behooves a country not to limit its dependence 
to any other single source of foreign supply, especially to one liable to 
be checked at a critical moment as the result of political entanglements 
which can not be foreseen. 

The importance of our corn crop needs not to be emphasized. The 
tables attached to this report present that in a stronger form than any 
words could do; but in the consideration of its enormous extent and 
the vast possibilities of its future development it is worth while to note 
the value of a foreign demand not dependent entirely upon reduction 
of price in our own country, but which might be developed, as I am 
confident it can be, to such an extent as to have a very sensible effect 
in maintaining the price of this cereal at a figure which would insure 
reasonable profit to the producer. Could we secure an advance of even 
6 cents a bushel on an average for corn during the ensuing decade, 
which might weU be done and stiU enable us to supply the foreign de- 
mand at a price far below that of other cereal foods of equal value, the 
result would be to add $1,000,000,000 to the value of this crop during 
that period. 

J. M. EusK, 

Secretary. 



REPORT ON THE INTRODUCTION OF MAIZE INTO EUROPE. 



Hon. J. M. EusK, 

Secretary of Agriculture: 

Sib : The exports of our maize or Indian corn for the past ten years 
may be said to have averaged about 4 per cent of the entire crop. The 
United Kingdom, France, Germany, Belgium, Holland, and D|nmark 
rank as our best customers for the grain, while Spain and Norway and 
Sweden take a small quantity. Except an insignificant amount, ex- 
ported com is chiefly used as food for animals, distillery purposes, and 
starch-making. The only form of com as human food at all known 
abroad is corn starch, which is sold principally in the British Isles 
under the name of corn flour. It is also put on the market under 
various other names, sometimes in order that the public may not know 
that it is a product of Indian corn or maize, as prejudice is strong 
against the grain as human food. The manufacturers thereby restrict 
the demand, and the public are kept in ignorance of what the article 
really is. 

A better knowledge of maize as human food, in addition to bringing 
into use its other forms, will increase the demand for all its products 
which shall call forth a supply that will cause the price in Europe to faU 
from its present artificial high point. Corn in Europe is the generic 
name for grain of whatever kind. Corn flour, therefore, does not con- 
vey the same meaning as maize flour or corn starch, the latter of which 
it really is. It is true, however, that some corn starch is sold as maize 
flour, but there is no reason to believe that the public are not aware 
that it is a simple product of the com that is used for feeding cattle. 
Some American firms do a brisk trade in this commodity, but most that 
is sold abroad is manufactured in Paisley, Scotland. The fact that 
many Europeans have already acquired (some of them unconsciously) 
a taste for one product of our corn will act as a powerful lever in further- 
ing the effort to practically demonstrate to the mass of the people the 
value of the entire grain, as mush (porridge), bread, etc., which are 
cheaper and more nutritious, entering thus into their daily life, being 
a means of providing economical dishes, corn starch figuring now as a 
delicacy or dessert which is high in price and beyond the means of the 
poor. Such preparations of com as hominy, cerealine, samp, maizena, 
canned corn, etc., need only to be known to be appreciated, especially 
in the United Kingdom, where variety in food, particularly that which 
is cheap, does not appear on the table of either artisan or laborer. 
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A somewhat inferior grade of com is grown in Italy, and its home 
consumption is considerable. Spain, central and southern France, pro- 
duce a meager quantity, but it is less palatable as human food than the 
American, and the use of it in that way is insignificant. From south- 
eastern Europe comes Danubian corn, a small, round grain variety, 
which is preferred to the American as chicken feed, owing to the size 
of the grain. The very limited com areas of Europe grow a grain which, 
can not compare with ours either as to quality or price; hence the 
European production need not be taken into account in discussing the 
question of creating a European market. 

It has long been a matter of surprise that Indian com is so little 
known in Europe as an article of human diet. The merits of our flour, 
beef, pork, and other food products are everywhere recognized abroad 
and enter largely into the alimentary supplies of the people of other 
nations, but com, the leading grain of the New World, which is eaten 
and enjoyed by the descendants of the various European ra<5es settled 
on its shores, is not yet adopted as a breadstuff in the Old World, though 
it is cheap, nutritious, and palatable, and scientific and medical au- 
thority and the experience of millions of mankind pronounce it to be 
one of the best foods supplied by bounteous nature. There are multi- 
tudes of half-nourished toilers in Eurox)e who would welcome our golden 
grain, that would bring to them better living than their scanty earnings 
now afford, were they but taught its merits. To supply that want 
would be to render them a philanthropic service worthy of our best en- 
deavors, and the increased export of the cereal would be a sure, practical, 
and speedy benefit to the farming interests of our country. No one 
can deny that to put our cereal in its proper place as a breadstuff would 
be to confer a blessing on mankind and contribute much to the happi- 
ness and prosperity of humanity, besides conferring on ourselves a di- 
rect material benefit. Comfort, health, and effective effort being so 
much dependent on what we eat, it behooves nations as well as indi- 
viduals to seek the best and cheapest food. The cry of Europe is 
"cheap bread;'' it is a bitter, agonizing cry, and we may best respond 
to it by instructing the toiling masses of the Old World in the excellence 
and cheapness of maize and the proper methods of preparing it. 

Stated in a few words, the way to increase the export of it as human 
food, and that which I have as far as possible adopted, is to practically 
illustrate abroad its value by ocular demonstrations, cooking it in pres- 
ence of the public, serving it free or at nominal prices, distributing 
literature giving fiill description of the grain, price as compared with 
wheat, oatmeal, potatoes, etc., and enlisting public interest through 
representative bodies and personages and the general and agricultural 
press. This effort, extensively put forth and persisted in, can not fail 
to have beneficial results. It would assist our farmers in an entirely 
practical manner, with benefits certain and positive, raising the price 
of every bushel of com gathered by the American husbandman. 



INITIAL STEPS TO INTRODUCE CORN INTO EUROPE, 

It having been my privilege to make a practical display of corn for 
edible purposes at the Edinburgh International Exhibition, and also 
at the Glasgow Industrial Exhibition, I deem it fitting to refer here to 
the facts and circumstances which led to these initial steps for the in- 
troduction of Indian com into Europe as human food. 

In 1878 Congress was asked to make an appropriation for a special 
exhibit in Europe of corn and its uses as human food, but no action was 
taken. Between that date and the Paris Exposition in 1889, occasional 
efforts toward the same end were made, but nothing systematic was 
done and no valuable results were achieved. While preparations for 
the Universal Exposition were under way, the officials were asked to set 
apart a space for a maize exhibit. This was agreed to, but it was de- 
cided that none of the money appropriated for the American exhibit 
coidd be used for preparing such an exhibit of this cereal, and as private 
enterprise could hardly be expected to sustain a fitting exhibition of 
our national grain, the magnificent opportunity to impress upon the 
25,000,000 intelligent visitors its advantages from a commercial and from 
a dietary point of view, as a human food, was lost. 

Impressed with the magnitude of the undertaking and the great 
good that was to be derived from a comprehensive exhibit of that 
nature, I sought to enlist financial aid through other sources. Under 
the auspices of the New York Produce Exchange I made a tour of the 
corn States, laying the plan before the legislatures, grain exchanges, 
etc. A great deal of enthusiasm in favor of the plan was manifested 
in the agricultural and general press and among the public, but con- 
tributions failed, however, as the opinion prevailed that the General 
Government should financially support a project that could well be 
expected to aid largely the greatest branch of agricultural industry in 
the United States. The propaganda, however, called attention to the 
fact that an immense foreign demand might be created for our corn if 
proper effort to that end is made, involving but slight expense and 
sure to result in speedy and certain good. 

Despite monetary discouragement I came to Paris and, in the capacity 
of a private individual, labored for com, lecturing before the National 
Agricultural Society of France, and endeavoring to extend the use of 
the grain and overcome the prejudice against it. Experience has 
proved that energetic action intelligently persevered in on extensive 
lines would result in an enormous increase in its consumption for human 
food. At the close of the exhibition I visited Amsterdam and Eotter- 
dam, in Holland; Antwerp, Bruges, and Brussels, in Belgium; Liver- 
pool and London, working while in those cities, as far as opportunity 
offered, to spread accurate knowledge as to the value of corn. At the 
great International Exhibition, Edinburgh, Scotland, I determined to 
erect a com palace on my own personal account and completely develop 
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the ffonoral plan upon wliicli I had been working. I secured a promi- 
nent space in the gardens for the buildings, and there during six months, 
before nearly three million visitors, demonstrated in a convincing man- 
ner the worth of corn as human food, serving it to the public at nominal 
prices, distributing literature containing cooking recipes and other 
necessary matter, giving free meals to inmates of charitable institutions 
with a view to the introduction of com dishes therein, and interesting 
the people generally. 
The American consul at Edinburgh reported as follows on the exhibit : 

The American corn exhibit ia a new move in the right direction in Europe, by 
Col. Charles J. Mtirphy, who has recently been appointed statistical agent for Europe 
in connection with Indian com by Secretary Bnsk^ of the United States Agricultural 
Department. He has for years entertained the idea that the abundant com fields of 
the great West should supply a cheap and nutritive food to the laboring classes of 
Europe. He has labored for three years in that direction, and the little handbook 
which he issued and distributed in Great Britain during the last few months is 
awakening the attention of the people at large to the fact that the stored-up sunlight 
in the autumn shocks of Kansas, Nebraska, and Missouri can be brought even cheaper 
than oatmeal, etc., to the very table of the workingman in Great Britain, France, Ger- 
many, Norway, and Sweden. His handbook presents forcibly and clearly the history, 
production, medicinal virtue, and the cheapness of Indian corn as human food, with 
one hundred and thirty formulas for preparing and cooking the same. The Scotch 
people are said to move cautiously and slowly, but Col. Murphy possesses the 
enthusiasm which is destined to win. He goes from Edinburgh' to the East End 
Industrial Exposition in Glasgow, which opens early in December, and he is entitled 
to the best wishes *and support of every farmer in the United States. 

The exhibit was centrally located near machinery hall, and was of 
great interest to visitors. The tasteful building was 75 feet in length 
and 40 in width, where literature on the subject was issued and 
where food prepared from the maize in various forms could be had at a 
nominal price. Thousands of children from different charitable organ- 
izations were given free meals, and this has led to its use already in 
several institutions. One of the daily newspapers l^^s well said: 

No doubt many, after seeing and tasting the numerous excellent qualities of that 
form of food, will wonder why they have so long been kept in ignorance of them. 
The object of the exhibit, which has been brought together through the enterprise 
of Col. Murphy, is to stimulate throughout Europe the use of maize as an article of 
human food. Hitherto it has only been used in Britain for feeding cattle and for 
distilling purposes, but before long it is sure to take its place in the human dietary. 
The corn seems to be as nourishing as wheat or oatmeal, and has many other advan- 
tages. It is, for one thing, a good deal cheaper, being some years only one-third the 
price of wheat and about one-half the price of oatmeal, while it can be sold in this 
country, after importation, at a remarkably low price. If people are once acquainted 
with the really wholesome and nutritious forms of food which can be made from 
corn it is thought that it will become so popular that the exportation from America 
will be large enough to prevent any waste whatever. Then there is so much more 
land that can be put under Indian corn, and the crop is so steadily increasing in 
quantity and quality that there is little fear of the demand exceeding the supply. 
There are possibly many difficulties in the way of popularizing it; but, with 
energy and enterprise, which, it may be taken for granted, would not be lacking, 
backed by the undoubted excellence of the food itself^ these difficulties ought easily 



to be sarmounted and the use of maize as a part of human diet become nniversal. 
The Indian com bread is pleasant to the taste, and it is lighter than oatmeal. Com 
is one of the staple articles of food in America, and the forms in which it can be 
prepared for the table are innumerable. Col. Murphy was awarded a silver medal 
for his admirable exhibition of America's great product. 

The leading paper of Scotland thus refers to it: 

The American com exhibit of Mr. C. J. Murphy, New York, which occupies a posi- 
tion in the grounds near the machinery hall, is a source of much interest to visitors. 
It is designed to illustrate in a practical manner the nutritive qualities of maize as 
an article of human food and to bring home to the people of this country the fact 
that this important cereal provides a cheap, wholesome, and palatable diet, which 
brings breadstnffs within the reach of the poorest. Indian com is the greatest of all 
the cereal crops of America. It is the staple product of seven of the largest States — 
Illinois, Iowa, Indiana, Ohio, Missouri, Kansas, and Nebraska — which form the great 
corn belt of the United States. There is no limit to the supply, the produce of the 
virgin soil of America being far in excess of the demand, so much so that the crop, 
as a rule, only realizes 40 cents per bushel, while the exports form a very smaU pro- 
portion of the whole — 3 or 4 per cent. On this side of the Atlantic the grain is used 
for farm stock and for distiUing purposes. In America Indian meal is a familiar 
article of diet, and it is presented in various nutritious and palatable forms, but for 
human food it is practically unknown in this country. It is said that even during 
the Irish famine of 1848 the starving peasants could not be induced to eat the meal 
that was sent from America, and there is reason to believe that the same prejudice 
still exists in favor of breadstuff's made from wheat, rye, or oats. Much, however, 
depends on the manner in which the food is prepared for edible purposes, and Mr. 
Murphy's exhibit does a great deal to dispel prejudice. He has fitted up a pavilion 
with American stoves, and there, in presence of the visitors, the corn meal is made 
iato various kinds of food and, as the proof of the pudding is in the eating, the 
public are able to satisfy themselves as to the value and importance of maize as a 
healthy substitute for more costly food. 

The results of the crusade at Edinburgh may be summed up as hav- 
ing made many converts to corn, of establishing a growing trade 
for it in Edinburgh and beyond, and marking an epoch in the history 
of the grain by conclusively proving to a large section of the people of 
the British Isles that Indian corn, besides being the best food for cattle, 
is also nutritious, palatable, and cheap as an article of human food. 
A verdict of this kind, obtained after fall proof and in spite of the prej- 
udice born of ignorance of years' and even centuries' duration, bodes 
well for the future of Indian corn in Europe. A jury of food experts, 
having awarded it a silver medal, the highest award a breadstuff could 
obtain at the exhibition, the indorsement of undoubted scientific and 
medical authority is thus given to the use of Indian corn as a food, so 
that all Europe may know it and recognize its claims. 

WORK UNDER THE AUSPICES OF THE DEPARTMENT OF AGRICULTURE. 

During the exhibition the receipt from the Secretary of Agriculture 
of a commission to investigate and to prepare a report upon the subject 
of the use and consumption of Indian corn in Europe, giving to my work 
official countenance from the United States Department of Agriculture, 
enabled me to continue my efforts and increased my influence with 
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officials and prominent persons who could not be so well approached 
by private eflFort. At the Glasgow Industrial Exhibition I followed 
the same methods as at Edinburgh, with like favorable results. Corn 
secured a foothold at Glasgow also, and there can be no doubt that tlie 
demand for it will multiply and assume large proportions. The exhi- 
bition lasted four months, and Indian corn was granted the highest 
award as a cheap, wholesome, and nutritious food. 

The exhibit occupied a large space and was well to the front. Every- 
one entering the building was furnished with a circular setting forth 
the merits of com, and many visited the exhibition to partake of the 
food. I am able to state that I rarely found a person who was not en- 
tirely pleased with it. The value of corn is becoming appreciated, and 
if the movement which has been so successfally begun be extended and 
widened under the authority of the present Secretary of Agriculture, a 
market for many millions of bushels of our com can be opened in a di- 
rect, simple, and easy way with exceedingly small expenditure of money, 
by a continuance of the method of education already adopted, pursued 
as circumstances may suggest and time develop, but preserving the 
essentials of ocular demonstration, distribution of literature, and giving 
the food to the public free or at nominal cost. 

While American wheat is meeting with competition from Hungary, 
Eussia, India, and recently even from the Argentine Eepubhc, it is sat- 
isfactory to note that no country in the world can compete with our 
corn as to quality or price. The incomparable soil and climate of the 
United States are conducive to a superior growth of the grain, while 
the cold winters harden and dry it, and the favorable summers bring 
it to perfection. Thoroughly developed railway facilities and a short 
ocean voyage give us a marked advantage over Danubian and Argen- 
tine Eepublic com. Occasionally Argentine com undersells the Amer- 
ican, but this is only because the former "sweats'' on the long ocean 
journey, caused by the intense heat of the tropics, and arrives in a dam- 
aged state, the owners having therefore to seU it for less than the mar- 
ket rate. American com is less liable to deterioration, as it comes a 
shorter distance, and is generally landed sound. 

In order to obtain the best results, corn intended for human food in 
foreign countries should be kiln-dried before shipment. When that is 
done, it keeps for a long time in prime order. European millers are not 
familiar with, or if so do not practice, the proper methods of grinding 
corn; consequently an inferior meal is produced, which strongly miU- 
tates against its introduction on the table. Kiln-dried, home-ground 
meal is the first essential in order to make an effective and creditable 
display of the nutritive qualities and general excellence of the grain. 
This point should be strongly urged on all interested. The corn used 
at the exhibits referred to was kiln-dried, home-ground, and gave per- 
fect satisfacition, but very little could be done with the meal that was 
ground in Ireland, where most of the foreign-ground meal is obtained. 
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Foreigners who assert that com is not a fit or palatable article of 
food base their opinion on their exx)erience with European varieties of 
the grain, which are all distinctly inferior to the American, inasmuch as 
the taste is harsh and somewhat bitter. The little American meal 
which is used as human food on this side is improperly ground by 
foreign millers, and this fact, together with ignorance of formulas for 
preparing and cooking it, has often added to the prejudice against it. 
The only way that these false impressions and unfounded prejudices 
can be dispelled is by practical ocular illustrations of its value, using 
the best American home-ground, kiln-dried meal. 

In Ireland corn in the form of mush, or, as they style it, "stirabout,'^ 
is consumed largely in some parts of the country. When several ship- 
loads of it were sent over in 1848 the peasants at first refused it, but 
the pressure of hunger soon drove them to it. Since then its use has 
been slowly coming into favor, especially when the potato crop fails, 
though the familiar tuber is generally preferred when plenty, notwith- 
standing that com is cheaper and more nourishing. The corn, not be- 
ing kiln-dried, arrived in poor condition, and the peasants not knowing 
how to cook it, the^^famine food'' did not have a fair trial. Under these 
circumstances it could not be expected to become popular, yet Ireland 
takes more com as human food than any other country in Europe. 

One instance may be here given as to the old prejudice against corn 
in the city of Glasgow a few years ago, before any attempt was made 
to enlighten the people as to its merits for edible purposes. It was 
proposed by a member of the poorhouse board to substitute Indian corn 
for a costlier food in their institution. The mere suggestion brought 
a storm about his ears, and at the ensuing election he was overwhelm- 
ingly defeated because of his inhumanity in thrusting on the defense- 
less paupers a food which the honorable legislators thought only fit for 
pigs. 

American canned goods of all kinds are largely sold in Europe, but 
it is a sad fact that the delicious canned com is rarely seen. This 
should not be,* there is no reason why it should not figure on the table 
of the European as well as on that of the American. The demand 
that should exist for it would mean hundreds of thousands of doUars 
yearly to the proprietors and workers of our extensive canneries. Of 
those that have partaken of it at my exhibit I have not seen one reject 
it, and it is therefore plain to me that the present small volume of trade 
could readily be augmented to greater proportions by a few more ex- 
hibitions on the same lines. 

The partiality which people have shown to the dishes prepared and 
distributed at the exhibition referred to, and the favorable notices 
received from various representatives of public and medical opinion, 
are evidence that the seed sown has fallen on good ground, and if the 
efforts be continued in other fields a rich harvest will be the reward. 

The use of potato, tobacco, and tomato, all of American origin, spread 
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through Europe and other parts of the world in a few years and added 
to the comfort and happiness of millions. There is more hope for com 
now than there was for any of those commodities, as it is already in 
use by a large portion of mankind, and an active press and compara- 
tively enlightened people, which did not exist in former times, will be 
powerftil factors in disseminating knowledge of com, and will effect- 
ively aid our Government in its endeavor to extend the demand for our 
great staple. 

In addition to showing corn and its different uses at exhibitions, fairs, 
and other public gatherings throughout Europe, and presenting it to 
the attention of vegetarian food-reform societies and similar bodies 
when opportunity may allow, a grocery-store propaganda could be suc- 
cessfully carried out which would aid materially in introducing the 
food. Under this plan a large retail grocery establishment should be 
selected for each city or town, in which a few feet of space can be util- 
ized for a smaU gas stove and an expert baker who would prepare Indian 
corn before the people, describing its merits and distributing literature 
and samples free to customers of the house. A few weeks' effort of 
that kind would make the district thoroughly acquainted with the food 
and build up a trade for the grocer without expense to him. By this 
system every man, woman, and child would be able to test thoroughly 
our com without trouble or expense, as the poorest part of the popula- 
tion can not always afford to visit an exhibition. By giving away the 
food many would be induced to try it for that reason alone, as people 
are generally averse to paying for experiments they are asked to make. 

To give away anything, especially food, is a rare proceeding in Europe, 
and the unusual spectacle would, in all probability, be fully appreciated. 
No one could refuse to give it a trial under those circumstances, and, 
basing my belief on the result of long observation and experience in the 
exhibition work outlined, I am of the opinion that many so reached 
would become corn-eaters, and the new converts could not fail to influ- 
ence others. It would not require many weeks to win over a whole 
city to corn in this manner through a small corn display in the largest 
grocery establishments of each district, as customers from other stores 
would be drawn, and the notice of the general public would be attracted 
by publicity in the newspapers and by other means of effective adver- 
tisement. Unlike exhibitions, the groceries would be always open ; they 
could be visited without charge, and as fast as a demand was created 
the corn to supply it could be procured from the grocer at lowest market 
prices. To issue circulars to the families of the district, inviting them 
to partake of the food at the grocery stores where exhibited, would 
insure complete results and enhance the value of the scheme. It will 
be obvious to all that this method would be efficacious and very inex- 
pensive. Having interviewed some of the leading grocers, I find that 
the idea is received with favor, and there would therefore be no obstacle 
to the immediate opening of a campaign through the United Kingdom 
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and other countries on the lines 1 have indicated. The work done at 
exhibitions and other popular gatherings is valuable, though to properly 
display corn at such places calls for considerable expenditure, and there 
is always the possibility of not reaching all classes of people, the very 
poor and the very rich. 

In addition to the plan of grocery store missionary work just out- 
lined, there is another opportunity for the spread of knowledge of corn 
in tlie United Kingdom, which would be most effective and could be 
easily seized upon, as I have already demonstrated by actual experi- 
ence. In Great Britain, and upon the continent to a less extent, trav- 
eling cooking schools or exhibitions, maintained usually by philanthropic 
effort, go from town to town, instructing the people by means of lec- 
tures, literature, and experimental cooking, in the proper preparation 
of various foods. Knowledge of cooking as an art is thus disseminated 
free of cost, it being the intelligent opinion of those who support these 
peripatetic schools of instruction that no better charity can be done or 
service rendered to humanity than by spreading a knowledge of the 
proper methods of preparing food. These schools do more than give 
instructions in the art of preparing edible dishes; they give advice as 
to variety in food, necessary food for differing conditions, comparative 
value from a scientific standpoint of different articles, and other points 
valuable to the housewife for an economic study of the daily family 
table. 

The persons conducting these exhibitions are intelligent, easily ap- 
proached, and working solely for the purpose of elevating the standard 
of living and promoting the general welfare of the people. With 
proper effort it would be possible to make arrangements to have at 
least one dish prepared from corn included in the lecture or exhibition 
of each school, it being necessary in advance to instruct their teachers 
in the best methods of preparing palatable dishes, for of this all classes 
are alike without information, and to furnish sufficient meal for use in 
the practical exhibition. Literature or circulars giving other recipes, 
miscellaneous data upon the subject generally, and information as to 
where the meal might be obtained, could also be circulated at the meet- 
ings without very much expense. After a trade had been established, 
grocers handling the meal might reasonably be called upon to bear a 
share in such an expense in return for the advertisements which a state- 
ment that the product might be obtained at their place would give them. 

INDOESEMENTS OF THE WORK. 

Recognizing the fact that persons above the average in intelligence 
are more open to conviction than the general public, their prejudices 
giving way sooner when the truth is presented, I have made a special 
effort to attract the attention of prominent persons to my work. Another 
reason for this is the influence which well-known names exercise in 
molding public opinion. By securing an indorsement from such 
^purees I have been verjr much assisted in my efforts to dispel the prej- 
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udice which exists in the common mind against the use of corn. I have 
sent samples of bread and other preparations to prominent and public 
personages, and they have almost uniformly given a wan. approval of 
the work. I need mention only one name that will be of special inter- 
est to all Americans. The ex-premier of England, Right Hon. W. E. 
Gladstone, writes me that the corn bread received fromTn^-snited his 
taste perfectly, and he would be most happy to know that the British 
people were taking more of our com than they have in the past. 

American diplomatic and consular representatives abroad, who have 
been communicated with, are unanimous in their opinion that American 
com can be introduced into Europe as human food if proper methods 
are taken to instruct Europeans as to its merits and cheapness. A few 
extracts may be quoted from some of the letters that have come to me. 
Consul R. W. Turner, of Cadiz, Spain, writes : 

I am qnite sure that if the food uses of corn were understood it would become a kitchen 
staple in Spain. The masses are poor^ wages low^ and all kinds of food supplies very 
high. There is no doubt in my mind that the fearful mortality in Spain is largely 
due to the lack of a plenty of cheap and wholesome food. I am sure that the proper 
efforts to instruct Spain in the food virtues of com would meet with success. 

Our minister to Copenhagen, Clark E. Carr, esq., states : 

Indian corn is slightly known in the northern countries as human food. I tried 
to procure some not long ago^ but failed. Corn starch was the only product of In- 
dian corn known in the market. Finally I had some corn ground at the local mill, 
but the corn was not in good tOlidition, and further, being improperly ground, the 
result was not happy. I think that with systematic effort, as you propose, our In- 
dian com can be brought into general use in all Scandinavian countries. I believe 
that in introducing this wholesome, nutritious food among these people we shall be 
doing them a greater kindness than to ourselves. 

Consul Turner reports to the State Department as follows: 

The great question with the working classes of Spain is how to get bread. This 
question would be less difficult of solution were the food uses of Indian com as well 
understood here as in the United States. Com bread, etc., would be great gifts to 
the workers of Europe, and it would seem that an understanding of their value 
might be brought about wherever the bread is hard to get. Being wholesome and 
cheap, com should win its way. While com has sold in the Missouri Valley 
at 15 to 20 cents a bushel, the people of Spain pay 8 cents a pound for bread. Bis- 
cuits manufactured by Peek, Frean & Co., London, retail in Cadiz for $1 a kilo- 
gram. 

Consul Roosevelt, Brussels, Belgium, writes: 

Corn is not used by the Belgians as an article of food. Belgian peasants are not 
epicures, and devour almost everything that grows, except horse chestnuts. They live 
principally on black bread, though the well-to-do classes use wheat bread. I am 
confident that if com were properly introduced in this market, and pamphlets pub- 
lished in the French language showing the different methods of preparing the same 
for food, the result would be that within twelve months two-thirds of the peasants, 
mechanics, and well-to-do classes would be using it. It would not only be a blessing 
to the poor, but as com can not be properly raised in this country, it would make a 
market for farmers of the Western States of our country. Once the people of Europe 
are convinced that Indian com is such a valuable breadstuff, there will be a great 
demand for it, and inasmuch as we are the great corn-producing country, the supply 
must naturaUy come from us. 
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I endeavored to have an exhibit at the great Agricultural Exhibition, 
Vienna (1890), but I could not come to a satisfactory arrangement with 
the authoritie I conducted part of the correspondence through our 
consul-general ai Vienna, Julius Goldschmidt," esq., who warmly inter- 
ested himself in my efforts. Referring to the exhibition, in his report 
to the State Department, he says: 

The people of Europe and adjacent countries do not eat what in America is called 
eorD; the word here meaning almost the same as grain does with us. Com is our 
largest crop, yet it is that which we get least for, and such exhibits (Indian com 
displays) would certainly result in an enlarged demand, which is at present only 
n.bout 3 per cent of the whole yearly sum of our exportation. Many enterprises 
would profit by it besides the farmers, corn merchants, shippers, and transportation 
companies. A display of our corn at Vienna could be regarded as a nucleus and 
starting point of a series of similar exhibits in other parts of Europe. There is room 
in Europe for the consumption of several hundred million bushels of American corn 
per year, much of it as food for human beings who do not now get enough to eat. 
They do not know any more to-day how to utilize it as ahumanfoodthan they did fifty 
years ago. All the known preparations of corn should be prepared, put on show, 
and distributed as samples free of charge to visitors. 

AMERICAN COEN IN GEEMANY. 

My transfer, under your orders, from Great Britain to Germany has, 
to a certain extent, interrupted the progress of my work in the former 
country. At the same time, I think I may safely assert that the sub- 
ject of Indian corn and its products for use as a human food has been 
sufficiently well introduced through the various channels which I have 
already indicated to insure progress in the work, for in these cooking 
schools and among the various representatives of charitable or other 
public institutions, and leaders in philanthropic work, the value of 
American corn in this respect has at last begun to be understood. In 
a word, then, though my work may be temporarily interrupted, I feel sat- 
isfied that I have left it in a condition to be made available by the indi- 
vidual energy of our dealers in Indian corn and its products. Indeed, 
I may confess to a little disappointment that my efforts heretofore have 
not elicited a more energetic cooperation on the part of persons so di- 
rectly interested in the development of this industry, and I deem it to 
be my duty in closing the report upon the work which I have done in 
Great Britain under your direction up to tlie present time to emphasize 
the fact that, thanks to the encouragement given by you to this work 
and as a result of my own humble efforts, the good seed has been 
thoroughly well sown, and it remains for individual enterprise, in which, 
certainly, our American people have never yet been found wanting, to 
cultivate the field and reap the harvest. 

In regard to the work in Germany, it is only possible at this writing to 
sketch the outlook, and this, I am glad to say, is very flattering. While 
so far I do not find, perhaps, as many channels through which to reach 
the people at large as in Great Britain, I am happy to say that I find a 
disposition on the part of Government officers to cordially cooperate 
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iu my work, and I need hardly say that in this country the countenance 
of the Government counts for a great deal. That I have been able so 
promptly to present my work to the consideration of influential 
personages here is largely due to the cordial manner in which my mis- 
sion has been welcomed by United States Minister Phelps, who has 
shown much interest in the work, and has afforded me every opportunity 
inhispower topushitin influential quarters. It givesme pleasure to take 
this opportunity to state, however, that the action of the United States 
minister here is fully in accord with the general disposition of those of our 
diplomatic representatives abroad with whom I have been brought in con- 
tact in the prosecution of the work intrusted to me. I am also in receipt of 
letters from individuals asking for information, and showing much in- 
terest in the work. The condition of things on the continent is favorable 
to the introduction of a new cereal food and a new source of supply. 
I am, moreover, extremely hopeful of securing favorable consideration 
on the part of the army officials of a bread to be composed half of corn 
meal and half of rye meal, for use as army rations in place of a bread 
made of rye exclusively. I have already caused several loaves of such 
bread to be baked, and have submitted them to various persons, anoLong 
them some Government officials, and I may state that in every case 
where tested this bread has received the highest commendation. Its 
cost will be much less than a bread consisting of rye exclusively, and 
I am satisfied that high medical authorities wiU substantiate its great 
value as a food. 
EespectfuUy submitted. 

C. J. Murphy, 
Special Agent in Europe ofJhe XT, 8, Department 

of Agriculture^ in the Interest of Indian Corn. 

Beelin, October i, 1891. 



THE FOOD VALUE OP MAIZE. 



By Dr. H. W. Wiley, Chief Chemist. 



The value of maize as food can best be determined by actual use. A 
fair idea of its character, however, can be obtained by a comparison of 
its chemical composition with that of other cereals used as food. The 
vast extent of country over which maize can be grown and the immense 
quantities of it which are produced render an accurate idea of its food 
value of the greatest interest. In the United States there is perhaps 
no other great staple crop of which it can be said that it can be pro- 
duced abundantly and profitably in every State and Territory of our 
Union. Indian corn grows well in Florida; it is also one of the abun- 
dant crops of Minnesota. Along the Atlantic and Pacific coasts it can 
be tbund in great luxuriance. It is true that there are certain parts of 
the Missouri, Mississippi, and Ohio valleys, known as the great corn belt 
of the Northwest, in which the greater portion of the crop of maize is 
produced. It is nevertheless true that it is a valuable and indispensa- 
ble crop in every part of our country. 

Maize is also used as food in many other countries, but in the great 
cereal-consuming countries of Europe its value is little appreciated. 
In these countries rye, oats, barley, and wheat still form the great sup- 
ply of cereal food for the consumption of the people. A proper under- 
standing of the value of maize would at once place it in near competi- 
tion with the other cereals mentioned as a supply for the inhabitants 
of the continent of Europe. As a further means of appreciating the 
position of maize as a food, it would perhaps be proper to call attention 
to the particular value of each of its constituents in the nourish- 
ment of the human body. Food, to be perfect, must give to the body 
all the necessary constituents to supply tissues for its growth and to 
take the place of the waste of tissue which is a necessary attendant on 
the functions of life. That article of food which is best calculated to 
supply the wants above mentioned would be, of necessity, the most val- 
uable for food purposes. In general, we may say of foods that they 
should be fat-producers, muscle-producers, bone-producers, and most 
of all blood-producers, since it is through the blood that the tissues of 
the body are nourished. The food should also supply to the body the 
necessary materials which, by consumption within the body, supply 

11626 2 17 



18 

animal heat. A proper balance between all these fiinctions of food is 
necessary to constitute any one article preeminently a food. It would 
be improper in this place to go into any extended discussion of the 
physiological action of digestion, therefore only a mere allusion will be 
made to these aspects of the subject. 

As fat-producers are generally reckoned the starches and sugars 
which the food contains. The albuminoids which are taken in food are 
supposed to serve chiefly for the nourishment of the muscular tissues 
and to supply the nitrogenous principles of the blood. In the ash con- 
stituents of food are found those mineral substances which are necessary 
to supply the tissues of bone, such as phosphoric acid and lime, which 
are its chief constituents. The fats of tbod are supposed to be preemi- 
nently the source of animal heat, furnishing the same by their combus- 
tion in the diflferent parts of the body under the action of the oxygen of 
the air. 

In cereal foods, together with starch, may be reckoned the entire 
content of such foods in carbohydrates; that is, including starch, dex- 
trine, and sugars in general, together with the fiber of the grain, which 
is composed almost exclusively of carbohydrates, a large part of whicli 
is digestible. The albuminoids of cereals contain various substances, 
all being related to each other and containing approximately the same 
percentage of nitrogen. This nitrogen content is the chief characteristic 
of the albuminoid foods. In wheat, for instance, one of the chief albu- 
minoid substances is gluten, while in maize the content of gluten is not 
so large and other forms of albununoids predominate. With these pre- 
liminary observations we may proceed to make a short study of maize 
as a food in comparison with the other cereals. 

The Department of Agriculture has carried on extensive investiga- 
tions in regard to the composition of American cereals. In regard to 
the maize of the United States the following analytical data have been 
determined and are recorded in Bulletin No. 1 of the Chemical Division 
of the Department of Agriculture. The average composition of maize 
for the whole country is shown in the following table: 

Per cent. 

Water , 10.04 

Ash 1.52 

Fat 5.20 

Carbohydrates exclusive of indigestible fiber 70. 69 

Carbohydrates as indigestible fiber 2. 09 

Albuminoids 10. 46 

The highest albuminoids found in maize was 13.65 per cent and the 
lowest 7 per cent. There are slight variations found in maize grown in 
different parts of the country, but these variations are not large enough 
to materially affect the data given above. 

In regard to the comparison of the analyses of maize by the Depart- 
ment of Agriculture and that given by other analyses, the following 
table will give all the necessary infonnation: 
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Average of American corn compared with averages of foreign investigations. 





Department 

of 
Agriculture. 


Koenig. 


Wolff. 


Water 


10.04 
1.52 
5.20 

70.69 
2.09 

10.46 


13.12 
1.51 
4.62 

68.41 
2.49 
9.85 


14.40 


Ash 


1.50 


Oil 


6.50 


Carbolivdrates 


62.10 


Fiber..* 


5.50 


AlhnminoidR 


10.00 








100.00 


100.00 


100.00 



In regard to this comparison of analyses Mr. Clifford Eichardson, 
who conducted the investigations at the Department of Agriculture, 
makes the following observations: 

Tliere is no marked difFerence between the averages^ except in the matter of 
water, where, as in the case of wheat, our maize is much drier. The American is 
rather better than the foreign article^ if anything. 

In the averages for different sections of the country another fact is discovered, 
which, after our experience with wheat, is still more surprisiDg than the result ot 
the comparison of American and foreign corns. 

There is apparently the same average amount of ash, oil, and albuminoids where- 
ever it grows, with the exception of the Pacific slope, where, as with wheat, there 
seems to be no faculty for obtaining or assimilating nitrogen. 

The amount of water is variable, but, as has been said, many of the samples had 
been on exhibition for a considerable time, and were consequently dried out. 

The increase in fiber from east to west is not paralleled in the wheat, but, as we 
have seen, is often a feature of increased vigor. 

In regard to the composition of the ash of maize the following table 
will give the necessary data: 

Per cent. 

Phosphoric acid 39. 65 

Magnesia 15. 44 

Silica 2.09 

Oxide of iron .60 

Soda 7.54 

Lime 1. 59 

Sulphuric acid 5. 54 

Potash 26.63 

Loss .92 

100.00 

It is now necessary to bring together in a comparative table the 
chemical composition of the leading cereals in order to determine, by 
inspection, their relative value as foods, based upon the proportions of 
digestible matter which they contain. 



Water 

Ash 

Oil or fat 

Digestible carbohydrates 
Crude carbohydrates — 
Albnminoids 



Hulled 
oats. 


Wheat. 


Rye. 


Barley. 


Maize. 


6.93 


10.27 


8.67 


6.53 


10.04 


2.15 


1.84 


2.09 


2.89 


1.52 


8.14 


2.16 


1.94 


2.68 


5.20 


67.09 


71.98 


74.52 


72.77 


70.69 


1.38 


1.80 


1.46 


3.80 


2.09 


14.31 


11.95 


11.32 


11.83 


10.46 
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The above results are based upon results obtained at the Department 
of Agriculture, in the Chemical Division, in an extensive series of analy- 
ses of American cereals extending over several years, beginning in 1882 
and ending in 1886. It will be of interest to make a comparison of 
these results with the mean data collected by European analysts in re- 
gard to the composition of the chief cereals. 

In the following table, taken from Koenig, are given the data referred 
to above: 

Mean composition of cereals, 
[From Kdenig. Compilation.] 



Mean of 948 analyses of wheat from all 

countries 

Mean composition of rice 

Mean composition of rye 

Mean composition of millet 

Mean comjiosition of barley 

Mean composition of buckwheat 

Mean composition of oats 

Mean comx)Osition of maize from all 
countries 



Moisture. 



13.37 
12.58 
13.37 
11.79 
14.05 
12.08 
12.11 



13.35 



Crude 
protein. 



12.04 
6.73 
10.81 
10.51 
9.66 
10. 18 
10.66 



9.45 



Crude fat. 



1.85 
0.88 
1.77 
4.26 
1.93 
1.90 
4.99 



4.29 



Nitrogen 
free ex- 
tract.* 



68.65 
78.48 
70.21 
^.16 
66.99 
71.73 
58.37 



69.33 



Crude 
fiber. 



2.31 
0.51 
1.78 
2.48 
4.95 
1.65 
10.58 



2.29 



Ash. 



L78 
0.82 
2.06 
2.80 
2.42 
1.86 
3.29 



L29 



From the above data it is possible to form a correct idea of the com- 
parative food value of maize as compared with the other leading cereals, 
viz, wheat, oats, rye, and barley. First of all, it will be seen that in 
the water content of maize there is a striking resemblance to wheat. 
It has slightly less water than wheat, and considerably more than 
hulled oats, rye, or barley. In regard to the ash, it is as low or lower 
than that of any other cereal. It approaches more nearly that of wheat 
than that of hulled oats, rye, or barley. It is hardly fair, however, to 
make a comparison with hulled oats alone, inasmuch as when oats are 
used for food they are ground with the husk on. Especially is this true 
when used for animal food. 

In regard to the oil or fat, maize takes distinctively the first pla<}e, 
with the exception of huUed oats. It contains more than twice as much 
oil as wheat, three times as much as rye, twice as much as barley, and 
two-thirds as much as hulled oats. In respect to the digestible carbo- 
hydrates, meaning by this term sugar, starch, dextrine, and digestible 
fiber, we find that maize takes its place along with the other cereals. 
It has more digestible carbohydrates than hulled oats, almost the same 
as wheat, and slightly less than rye or barley. 

Concerning the quantity of indigestible carbohydrates, meaning by 
this term the indigestible fiber contained in the cereal, it is found that 
maize occupies a mean position in the list. It has not as large a per- 
centage of indigestible fiber as hulled oats, a slightly larger quantity 
than wheat or rye, and a considerable less quantity than barley. 



Digestible carbohydrates. 
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In regard to the matters containing nitrogen, which are grouped 
under the general head of albuminoids, it is seen by the table that the 
first place must be awarded to hulled oats. Compared with the other 
cereals maize has only a slightly lower percentage of these valuable 
constituents. Concerning the digestible matters in general, indicated 
in the above table, it may be said that the most important of the list 
are the digestible carbohydrates. Next in importance must be placed 
the bodies containing nitrogen, viz, the albuminoids. The third class 
in value will contain the oils or fats. The ash must also not be left out 
of consideration, since it is from this portion of the plant that the tis- 
sues of the bones especially are nourished. Water may be left out of 
account as of no food value, although it is indispensable to the nourish- 
ment of the human body. Its lack of commercial value renders its 
occurrence in foods in large quantities objectionable when their food 
value is considered pound for pound. 

As indicated by the above analyses maize is fiilly equal in value as a 
food to any of the cereals, making up in its content of fat any deficiency 
which may be noticed in its nitrogenous matters and digestible carbo- 
hydrates. This conclusion, however, as to the food value of maize, does 
not rest alone upon the comparison of analytical data. The long years 
of use of this article by man and beast have shown its high character. 
Whether to be used as food for producing muscle for labor or as a means 
of fattening animals, it has been found to be of superior value to any 
of the other cereals produced in the United States. It feeds a large 
portion of the laboring men of the country, especially in the South. It 
is the almost universal food for fattening hogs, but in every function in 
which it has been used it has been found to bear out equally well the 
high place accorded to it from a study of its chemical composition. 
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THE INDIAN CORN INDUSTRY IN THE UNITED STATES. 



Prepared by 6. W. Snow, Assistant Statistician, under the> direction of 

J. R. Dodge, Statistician. 



Indian com or maize occupies the leading position in the agriculture 
of the United States, both as regards aggregate volume of the annual 
product and the area under cultivation. It is also the most widely dis- 
tributed crop, being grown to more or less extent in every State and Ter- 
ritory, and almost in every county in which agriculture is carried on. In 
actual breadth cultivated it each year exceeds the aggregate area de- 
voted to all other cereals and potatoes, is about double the breadth cut 
for hay, and is grown upon an area greater than that devoted to wheat, 
oats, and cotton together. With an acreage of 78,000,000 acres it is 
the largest arable crop grown in any country, and our capabilities of 
extension in its production are hardly appreciated. It is a promi- 
nent if not the leading crop in every State except in some of the Rocky 
Mountain districts, where the elevation is too great for the best results, 
and on the Pacific coast, where it is a minor crop simply because farmers 
have had more profitable crops to which they have turned their attention. 
Its overshadowing importance in our agriculture is shown by the fact 
that the area devoted to its culture in many districts exceeds that given 
to the special crop for which that district is famous. Taking the eleven 
cotton States as a whole, they devote a larger area of their cultivated 
land to corn than to their snowy staple. In this respect com is greater 
than cotton in the very dominion of the kingly plant. The great wheat 
belt of the Ohio and Missouri valleys gives maize a more prominent 
position than that occupied by wheat itself. The acreage now planted 
in a single year is greater than the total surface area of !N^ew England, 
New York, and New Jersey combined; greater than the whole area of 
the United Kingdom, or of Belgium, Holland, Switzerland, Denmark, 
Portugal, and Greece combined. It more than equals in extent the 
total cultivated land in France, or Germany, or Austria-Hungary, and 
is three-fourths as large as the aggregate acreage sown to wheat in all 
the countries of Europe together. In measured quantity our crop of a 
single year has exceeded the wheat crop of the civilized world, and no 
other grain crop approaches it in volume. 

The growing of maize is not only the most important branch of 
our arable agriculture, but the product itself is again the foundation 
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upon which rests a large part of our wonderful rural developnaent. 
About 9(> per cent of our crop is annually consumed in this country, and 
more than 80 i)er cent never crosses the lines of the county in which, 
it is grown — ^is virtually consumed on the farm where grown. It is 
tlie great American crop. On the farm it feeds the working animals, 
fattens the beeves and hogs, is an important constituent in butter and 
cheese production, and forms part of the family ration. It appears 
upon the table in American homes both as meat and bread, and again 
in the form of tempting and appetizing delicacies skillftdly prepared 
from some of its many products. The forage which its blades furnish 
makes up a large portion of the winter feed of farm animals in many 
sections of the country where it supplements and sometimes takes the 
place of hay. This is especially true in the South where grasses for 
hay have not generally been successfully cultivated, and in the dairying 
districts where the use of the green plant entire in the form of ensilage 
is a common practice. 

INDIAN COEN AS AN ARTICLE OF EXPORT. 

Occui)ying as it does * the first place in American agriculture, com 
might naturally be expected to figure largely in our annual exports of 
agricultural products. The farmer's contributions to our foreign com- 
merce have always been large, the results of his labor furnishing 75 per 
cent of the total value of our shipments abroad. Maize, however, has 
never been an important export item, the average annual shipment dur- 
ing the period, 1870 to 1890 inclusive, being but 56,000,000 bushels, and 
the heaviest shipment in a single year amounted to only 103,000,000 
bushels. Less than 4 per cent of the production of the period has been 
sold abroad and 6.5 per cent is the largest proportion for any year of 
the two decades. The foreign demand has been almost entirely for use 
as animal food, and it is wanted in competition with oats, roots, and the 
ordinary European provender for work animals. The volume demanded 
depends upon the price at home, as it is only wanted when cheaper than 
other articles with which it can be used interconvertibly. The domes- 
tic price regulates the Liverpool price and determines the volume of 
shipment, an examination of trade returns showing that exports have 
been large when prices were low and small when better values ruled in 
this country. 

Very little effort has ever been made by the people of this country to 
extend their foreign shipments in com, and the Government itself has 
lent little or no aid in what has been done. There are abundant reasons 
why our Government should interest itself in inaugurating a foreign 
trade in this product. It is the greatest arable crop which we grow, 
occui>ie.s the largest portion of our cultivated area, and is suited for cul- 
tivation in almost every section of our domain. On account of the su- 
perior quality of American corn, due to the exceptional soil and climatic 
conditions which we possess, whatever demand for this cereal is created 
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throughout the world must largely be supplied from our own fields. 
Under present conditions, the corn crop of the world is greater in aggre- 
gate measured volume than that of wheat, and we grow at least three- 
fourths of all, And the area devoted to its cultivation in the United 
States is still susceptible of great extension. During the past fifty years 
our population has increased less than fourfold, while our production of 
this staple is now five times as great as it was in 1840, and if the demand 
existed our farmers might easily double their present acreage and prod- 
uct. Whatever competition might be met in its production would be 
a competition among our own people, and one which we ourselves could 
satisfactorily regulate. 

No private agency exists which can be depended upon to make the 
effort to enlighten foreign people upon the merits of our great crop, or 
to push its exportation upon lines any broader than those which have 
been laid down by the commerce of the present day. In the case of 
wheat, a demand already exists which private firms are ready to supply, 
but if the demand did not exist, private individuals would interest 
themselves but very little in pushing the introduction of a product not 
already an article of commerce. In addition to the demand for our 
wheat, we have our great mills which are able and ready to push the 
introduction abroad of the flour which they produce, and in the case of 
our meat production, our packing houses may be trusted to take advan- 
tage of every possible opportunity for enlargement of their foreign 
trade. In the case of maize, however, there are no individuals or asso- 
ciations that can be relied upon to enter into the work of educating the 
tastes of the people of other countries. While all of our own i>eople, 
especially those who are engaged in tilling the soil, are interested in 
anything tending to enlarge the trade in maize and its products, none 
of them have such a special interest as would result in their organizing 
an effort upon the proper lines. If such a systematic and organized 
effort is to be made, it must therefore naturally be made by the Govern- 
ment. The part which the Government has to play, however, will of 
course properly end when the people of foreign countries have been 
taught to appreciate the merits of maize as a food product, and a de- 
mand for our surplus has been created. 

As a matter of course, the interest of this Government in the inau- 
guration and extension of such a trade ends with the advantages and 
benefits which our own people are to derive from it. There is, how- 
ever, another point of view which might be termed the philanthropic 
side of the question. Under present conditions, there is but little 
variety in the breadstuffs which form the daily rations of the populous 
empires of China, Japan, and British India. In the oriental countries, 
where the struggle for existence is most fierce, and where the search is 
continually for the cheapest material with nutritious value sufficient for 
the support of human life, it seems as if there might be a wide field for 
the introduction of our product. Certain it is that in China and Japan 
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the native population among the lower classes are hard pressed by th6 
wants of nature, and if they could be taught that our maize furnishes 
a food stuft'of exceptional value, cheap and in regular supply, a demand 
of enormous proportions might be created. In Europe the knid of 
grain used marks in a distinct manner the differences between the 
upper or wealthy class and the more numerous poorer classes. Wheat 
18 the aristocratic and rye the plebeian grain, and there is but little 
gradation between these extremes of breadstuffs. The introduction of 
maize and its products might well give a welcome addition to the dietary 
of all classes — ^those who dine upon the dainty white loaf, as well as 
those whose subsistence is largely upon the coarse and cheaper breads 
from rye and other grains. To the first will be offered numerous 
toothsome dishes, maizenas, starches, and other preparations, while 
for those occupying less favored stations in life, a cheap grain capable 
of indefinite variations in preparation, both nourishing and healthful, 
will give more variety to the daily food supply, and bring additional 
comfort and contentment into the lives of the great mass of the Old 
World's population. From a hygienic standpoint, the introduction of 
a new food giving additional variety is desirable, and in this case on 
account of the valuable qualities of corn the extension is doubly 
desirable. 

Prior to the effort which is now being made by this Department, this 
Government has never taken any organized or systematic means of 
calling attention of either foreign people or foreign governments to the 
advantages which might follow a more general consumption of maize 
and its products. The failure to take any such steps has sometimes 
been so marked as to savor of neglect. In the exhibition of the prod- 
ucts of this country, which have been prepared for foreign expositions 
during the last decade, but little attention has been paid to a show- 
ing of corn and its products. The opportunity which the gathering 
together of millions of the most intelligent people of the different Euro- 
pean countries has offered for an extension of knowledge upon this 
subject has heretofore been disregarded. The foreign exhibitions 
which we have made have usually been vastly creditable both to the 
genius of our people and to the energy of our Government, but they 
have been usually prepared with a view to showing what we are doing 
and what we are capable of doing in the way of supplying demands 
which already exist. Maize, making but a small showing in our for- 
eign trade, has been given but small space, whereas a new trade might 
have been created had special effort been made in its behalf. 

The governments of the principal countries of Europe are already 
favorable to the importation of our corn, leaving the prejudice of their 
people against its use as food the only obstacle to be overcome. The 
importation is free of duty in the United Kingdom, France, Belgium, 
Holland, and Denmark, and only a moderate rate of duty is imposed in 
Germany and Spain. It seems that it might be possible to accomplish 
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much in the work now in hand by an intelligent effort to interest gov- 
ernment officials in the question. One of the greatest problems con- 
fronting the statesmen of Europe to-day is the question of maintaining 
the present enormous military establishment^ imposed upon each coun- 
try by existing conditions, at the highest point of possible efficiency 
with the lowest charge upon the tax-burdened citizen. The ration to 
be issued is a serious question; the necessity from a hygienic point of 
view of supplying a diet concentrated, highly nutritious, and at the 
same time varied enough to me«t the requirements of modem dietary 
demands, is in direct conflict with the necessity for an economical 
administration of the commissary department. Maize makes a concen- 
trated food stuff, palatable and nourishing when properly prepared, and 
is especially valuable for use where muscle and hard labor are required. 
This is pointedly shown by the fact that in the United States it is the 
principal breadstuff of the colored workers of the South, where long 
hours of arduous labor in the cotton fields under conditions severely 
testing the endurance of workers are required. 

Its value as part of the soldier's food is appreciated in this country, 
where the rations established by the military authorities include for 
bread " 18 ounces of soft bread or flour, or 16 ounces of hard bread, or 1 
pound and 4 ounces of corn meal." The value of com meal as a con- 
stituent of the army ration was demonstrated practically during the 
war of the rebellion. The larger portion of the bread used by the 
Southern armies was made from corn, while at the same time it furnished 
a large part of the food supply of the Federal forces. Its value here 
received the most crucial test which could possibly be applied, and the 
wonderful strength and endurance shown -by combatants on both sides 
is sufficient evidence of its value. It is apparent that its adoption as 
part of the army ration in European countries would be highly desir- 
able, looking at the question from all points of view. The advantage 
to the governments would be in the fact that it would give as a part of 
the ration a grain cheaper than any other in first money cost, and a supply 
certain and abundant, not subject to such fluctuations in production as 
wheat or rye, being better adapted than most other crops to withstand 
our climatic disabilities, drought especially. The joint benefit to the gov- 
ernment and to the individuals making up the mihtary establishments 
would be the addition of a food to the ordinary supply rich in fat and 
muscle-producing qualities, full of the properties producing animal heat, 
and giving additional powers of endurance. This means increased mili- 
tary efficiency for the whole body, as well as increased comfort for the 
individuals making up the service. 

A properly directed effort, setting forth the manifest and manifold 
advantages which would result from its adoption as part of army ra- 
tions, might be eminently successftd, and would be especially appro- 
priate at the present time in view of the fact that the regular bread- 
stuffs now dealt out are deficient in supply and high in price, two 
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ron<litiona wliidi it might be pointed out could hardly obtain were 
maize depended ujwn. Experiments will undoubtedly be carried on 
in different (countries to determine whether any other bread, and, if 
any, what bread, can be used this year to take the place of or supple- 
ment the use of rye in the rations issued to the armies of Eastern 
Europe. An ojiportunity for presenting the advantages of com is 
given this year which may not be had again for years, and our Govern- 
ment has been prompt in taking advantage of it. The special agent 
in Europe is now working on this line with evidences of ultimate suc- 
ceTis. Should corn be adopted as part of the army food it would at 
once create a very large and new demand for our surplus grain, giving 
an imi)etu8 to our agricultural interests which would be felt through- 
out the length and breadth of the land. Tremendous, however, as 
is the military establishment of Europe, and enormous as is the vol- 
ume of corn which might be demanded to supply it alone, a still 
greater advantage would accrue to us were the various Governments 
to merely recognize and indorse corn as a food for man. It would 
result in breaking down the barriers of prejudice which the ignorance 
of centuries has erected against its use in the minds of the common, 
peojde. Kot only would the example of the Government in its recog- 
nition be a powerful agent in securing it a foothold, but the thousands 
of soldiers who while in service had acquired a taste for the prepara- 
tions of corn would become, when they left the service to return to 
civil life, agents in spreading the knowledge of its virtues in all walks 
of life. 

CANNED COEN. 

During recent years a very important industry has grown up in this 
country which has resulted in making a very desirable addition to our 
American daily food supply. The canning of green sweet com has be- 
come in many sections a very large interest, and the product enters 
into the channels of trade in all sections of the country, is found in 
every grocery store, and reaches the family table of a large portion of 
our American homes. The roasting ear, or green com upon the cob, 
during the season in which it may be obtained, is recognized as not 
only a seasonal luxury, but a standard article of food, and it appears 
and is appreciated both upon the table of the farmer and of that of the 
urban citizen. 

In this fonn corn has been an article of diet in this country from the 
earliest times. It is only, however, within comparatively recent years 
that methods have been followed in preparing it for use outside of its 
regular season of growth. The canning industry is now a very large 
and flourishing one, and factories for preserving fruits and vegetables 
of different kinds are found in every State and in almost every large 
agricultural district. In 1890 the pack of canned corn amounted to 
1,588,860 cases of 2 dozen tin cans each, and in 1888, the largest year 
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on record, to 3,491,474 cases. The reputation of this class of our in- 
dustrial product is attested by the steady and rapid increase of con- 
sumption in our domestic markets. Our people are particular, even 
fastidious, as to their diet, and the popular taste for delicacies and ap- 
petizing preparations of standard articles of food requires an intelligent 
study of methods by packers that insures a constant elevation of the 
standard of quality. . 

The question of cheapness is second to that of quality of product, 
and commercial records show that during the past few seasons there 
has been demand for superior articles at remunerative prices, and infe- 
rior grades have been a drug on the market at low values. Our 
packers appreciate this, and by the law of the survival of the fittest, 
the struggle to maintain place in the market has constantly tended 
toward educating and elevating the public taste to a still higher stan- 
dard. The present should be an auspicious time for a permanent and 
valuable enlargement of our foreign trade in this branch of corn prod- 
ucts. American canned meats are known in every portion of the 
civilized world, and are exported from this country directly to almost 
every nation, upon the globe. With proper effort, intelligently and 
systematically directed, it should be possible to build up a similar trade 
in our canned vegetables, and especially in corn, in the production of 
which it is not probable that we shall ever meet any competitor worthy 
of the name in any foreign market. A careful investigation of methods 
used by canners and packers shows that the most scientific practices 
prevail, that all the latest improvements are adopted, and that there 
is a constant striving to attain perfection in method of packing and 
quality of goods. 

The development of a large trade in canned corn would be particularly 
valuable to this country. Not only would there be an increased plant- 
ing of sweet corn and other varieties used by packers, which would 
benefit farmers in the way of a direct cash return, but the offal result- 
ing from the preparation of the product would remain at home. An ex- 
amination of the system followed at a number of large packing houses 
shows that the offal in the way of soft cobs, nubbins, tips of ears, etc., 
is returned to the farmers growing the stock, by them hauled back to 
the farm and used as forage for different classes of farm animals, and 
when it has accumulated in excess of immediate requirements cured for 
future use. In some districts it has been extensively used in the form 
of ensilage. 

The following note, received from the manager of a large packing 
house in Syracuse, N. Y., is typical of the state of facts which have been 
found to exist quite extensively throughout the districts where corn 
canning is largely carried on. 

Farmers, as fast as they bring the corn picked from the stalk in wagonloads and 
unloading same at our factory, are quite anxious and ready to wait their turn, if 
necessary, to load back with the fresh cobs and husks, which of course we have in 
large quantities. By this means they remove our offal as fast as it accumulates. 
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We iindorHtand that it is taken to tlieir pastures^ as a rule, and fed to milch cows, 
as nearly all the farmers who raise crops for us are dairymen. They have found by 
experience that there is no food that they can give their cows that gives the same 
return as this fresh ofial. Foremen in charge of creameries have told us that they 
can always tell when a canning factory has been started by the increase in amount 
and quality of milk received by them. We presume that we could make a consider- 
able profit from this material were we to preserve it in the form of ensUage for sale 
later in the season. It has, however, become one of the conditions of farmers plant- 
ing com for us that they should have their share of this offal in return. 

An increase in this form of manufacture necessarily carries with it a-B 
increase in the amount and quality of food for farm animals, and returns 
directly to the soil upon which the corn is grown ^he valuable constit- 
uent elements withdrawn by the crop. By this means fertility is main- 
tained and the heritage of future generations preserved intact. 

INDIAN CORN STATISTICS. 

In connection with the report upon the possibility of extending corn 
consumption for. food in foreign countries a number of statements have 
been compiled, which will be interesting as a showing of the progress of 
corn production in this country, its geographical distribution, the for- 
eign movement from the earliest period, and prices under different con- 
ditions. In the statement first presented there is a showing of the ag- 
gregate volume of production as returned by five decennial censuses, 
beginning with 1840 and coming up to 1889; the figures for the census 
of 1890 have not yet been made puplic. As enumerations are made too 
early in the season to include crop returns for the census year, the crop 
of each preceding year is reported, as appears in the table. 

In 1839 the total crop amounted to 377,531,875 bushels, while forty 
years later it was nearly five times as great. In the first year the pro- 
duction per capita amounted to 22 bushels, and in 1879 to 35 bushels, 
showing that production has considerably more than kept pace with the 
increase in population. 

An interesting feature in this table is the showing which is made of 
the continued westward movement of com production. In 1839 the 
center of production had already moved to the west of the Alleghany 
Mountains, and Tennessee, with 44,986,188 bushels, was the first in 
rank, closely followed by the sturdy, growing Commonwealths of the 
Ohio Yalley. Ten years later, in 1849, the center of production had 
moved north and westward, and Ohio, with 59,000,000 bushels, stood 
first, closely followed by Kentucky with 58,000,000 and Illinois with 
57,000,000. The returns for 1859 bear evidence of the magnificent de- 
velopment of the agricultural districts of the central West, and the cen- 
ter of production had shifted to the rich prairie soil of Illinois, where it 
remained for three decades. In 1879 Illinois still kept first place, but 
during the ten years which have since elapsed the scepter has crossed 
the Mississippi Eiver, and Iowa now ranks as the greatest corn produc- 
ing State in the country. It must not be assumed that in the move- 
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ment of com production westward the areas which have at one 
time held first rank in production and then fellen hack to positions of 
less prominence have been left with depleted fertility, or that corn- 
growing has been abandoned upon them. Such has not been the case. 
The yield per acre in New York and Pennsylvania, and again in the 
Ohio Valley, is not less now than it was in the days of primitive fertility, 
but, on the contrary, has grown larger with the apphcation of better 
methods of husbandry and a more lively appreciation of the advantages 
of soil and climate which have come with additional experience. The 
deeUne iu relative position of the older States results from the immense 
areas developed in newer regions. Tennessee, which ranked first in 
1839, now produces nearly double the volume of that year, but in 1889 
stood only ninth in the rank of production. 

jTniJiiin com prodttclion in the United SUiteg acoording to decennial cennM retume. 



Delaware 

Marjlaud 

No^b Caroiina. ■ ■ 



Fiodfa ;; 



22.Ma,S52 



22,6B4.211 

"i.'ioi'aii' 



58,B72,5fll 
5[e4M20 



4, 7*3, 117 
118, liM, 065 
m. (IM, 075 

*;7S8;t10 



I5,SeS,533 

2B.ii»,nn 
2s,oiB,e3e 

ll.TflT.OM 
2i.2ta.01S 
3, 174, KM 
Sa. 461,278 
21, 310, 800 



H, 831, 7*1 
202.414,41b 



Census data for tlie crop of the year 1880 not being available, a state- 
ment made up from the estimates of this ofBce, showing acreage, prod- 
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uct, and farm value by States is presented. This statement is practi- 
cally a continuation of the preceding table, and rounds off a showing of 
the progress of corn production during the last half century. It pre- 
sents the largest crop ever grown in this country and the largest cereal 
crop ever grown in any country, with a volume larger than the aggre- 
gate wheat crop of the civilized world for that year. 



Indian com crop in the United States, 1889, 



States and Territories. 



Maine 

New Hampshire. 

Vermont 

Massachusetts .. 
Khode Island — 

Counecticnt 

New York — ... 

New Jersey 

Pennsylvania ... 

Delaware 

Maryland 

Virginia 

North Carolina. . 
South Carolina.. 

Georgia 

Florida 

Alabama 

Mississippi 

Louisiana 

Texas 



Arkansas 

Tennessee 

West Virginia. 

Kentucky 

Ohio 

Michigan 

Indiana' 

Illinois 

Wisconsin 

Minnesota 

Iowa 

Missouri 

Kansas 

Nebraska 

California 

Oregon 

Colorado 

Dakota 

New Mexico . . 
Utah 



Total. 



Bushels. 


Acres. 


Value. 


1, 034, 000 


28,717 


$589,273 


1, 311, 000 


35, 924 


734,287 


2, 044, 000 


58,397 


1, 124, 142 


1, 997, 000 


58,209 


1, 078, 147 


393, 000 


12,558 


220,116 


1,766,000 


56,977 


953, 795 


20,475,000 


698, 800 


10, 032, 672 


10, 792, 000 


857, 342 


5, 395, 864 


41, 225, 000 


1,383,377 


18, 963, 332 


3, 905, 000 


223,136 


1, 640, 050 


15, 105, 000 


733,239 


6, 495, 031 


34, 231, 000 


2, 152, 911 


15, 061, 765 


33, 050, 000 


2, 754, 127 


17, 516, 248 


18, 310, 000 


1, 592, 152 


9,887,264 


33, 730, 000 


3, Oil, 602 


18, 551, 468 


5, 206. 000 


486,562 


3, 019. 604 


33,044,000 


2, 514, 370 


17, 311, 437 


29,474,000 


1, 991, 481 


14, 736, 960 


18, 949, 000 


1, 082, 826 


9,664,222 


83, 698, 000 


4, 573, 645 


29, 294, 196 


42, 608, 000 


2, 130, 399 


18,321,431 


80, 831, 000 


3, 674, 140 


29,907,500 


15, 199, 000 


678, 518 


6, 079, 521 


75, 382, 000 


2, 844, 601 


25, 629, 855 


88, 953, 000 


3, 005, 184 


27, 575, 568 


22, 737, 000 


967, 513 


8,412,526 


106,656,000 


3, 677, 808 


28, 797, 237 


259, 125, 000 


8, 022, 454 


62, 190, 063 


28, 415, 000 


1, 080, 414 


8, 240, 318 


21,263,000 


746, 067 


5, 740, 986 


349, 966, 000 


8,859,898 


66,493,534 


218,841,000 


6, 796, 318 


50, 333, 531 


240, 508, 000 


6,813,251 


43,291.397 


149,543,000 


4,097,067 


25,422,301 


4,464,000 


158,288 


2,544,322 


157,000 


7,854 


102,102 


1,092,060 


42,993 


633, 373 


14, 743, 000 


819,068 


4,865,264 


1, 126, 000 


66, 289 


675, 468 


644,000 


35, 175 


392,659 


2, 112, 892, 000 


78,319,651 


597,918,829 



As an epitome of the statistics of prodnction, a table is presented 
showing the aggregate prodnction by years from 1880 to 1890, inclusive, 
with the acreage and value of the crop, the value per unit of quantity, 
the yield per acre, and value per acre for each year, and for the period 
as compared with the average production of the preceding decade. 

As the year 1890 was a disastrous one in the history of the crop, an 
average in the period 1880 to 1889, inclusive, is also presented. This 
table shows an increase of nearly 50 per cent in the average annual pro- 
duction for the period 1880 to 1889 as compared with the period 1870 
to 1879. The increase in volume has naturally resulted in a decrease in 
the average farm price, but not in proportion. The very small decline 
in average price shows that production has not been unduly stimulated, 
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and that consumption has practically kept pace with it. It must not be 
assumed that because the average yield per acre for the first decade 
was returned 3 bushels larger than that of the second, that there has 
been any permanent impairment of fertility or that com lands have been 
exhausted by continued cropping. The difference in meteorological con- 
ditions of different seasons accounts for the decline. The first period 
included a large number of years in which the most favorable condi- 
tions prevailed, while the latter period includes an unusual number in 
wliich drought or early frosts seriously interfered with crop results. 
That the possibilities of our soil are fiilly as great now as in earlier 
years is demonstrated by the fact that during the present season, 1891, 
not wholly favorable to corn-growing, the yield per acre is less than 
one-half of 1 bushel below the average of the period 1870 to 1879. 



Indian corn crop in the United States, 1880-1890, 



Tearq. 



1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

Total 

Average, 11 years, 1880 to 
1890 

Average, 10 years, 1880 to 
1889 

Average, 10 years, 1870 to 
1879 



Total 
production. 



BusheU. 
1,717,434,543 
1, 194, 916, 000 
1, 617, 025, 100 
1,551,066.895 
1, 795, 528, 000 
1, 936, 176, 000 
1, 665, 441, 000 
1, 456, 161, 000 
1, 987, 790, 000 
2, 112, 892, 000 
1, 489, 970, 000 



18, 524, 400, 538 



1, 684, 036, 413 
1,703,443,054 
1,184,486,954 



Total 
area of crop. 



Acres . 
62, 317, 842 
64, 262, 025 
65, 659, 545 
68, 801, 889 
69, 683, 780 
73, 130. 150 
75, 694, 208 
72, 392, 720 
75, 672, 763 
78, 319, 651 
71,970,763 



777,405,336 



70, 673, 212 
70, 543, 457 
43, 741, 331 



Total 
value of crop. 



$679, 
759, 
783, 
658, 
640, 
635, 
610, 
646, 
677, 
597, 
754, 



714, 499 
482, 170 
867, 175 
051, 485 
735, 560 
674, 630 
311,000 
106, 770 
561, 580 
918, 829 
433, 451 



7,443,857,149 



676,714,286 
668, 942, 370 
504,571,018 



Average 

value per 

bushel. 



Cents. 
39.6 
63.6 
48.5 
42.4 
35.7 
32.8 
36.6 
44.4 
34.1 
28.3 
50.6 



40.2 
39.3 
42.6 



Average 

yield per 

acre. 



Bushels. 
27.6 
18.6 
24.6 
22.7 
25.8 
26.5 
22.0 
20.1 
26,3 
27.0 
20.7 



23.8 
24.1 
27.1 



Average 

value per 

acre. 



$10.91 

11.82 

11.94 

9.63 

9.19 

8.69 

8.06 

8.93 

8.95 

7.63 

10.48 



9.58 

9.48 

11.54 



In connection with the showing of aggregate production and dis- 
tribution of the crop by States, which is given in the preceding tables, 
a showing of the distribution of the crop in comparison with the total 
surface area of the States is presented. This shows that there are ten 
States which devote more than 10 per cent of their total surface area, 
including land both in and out of farms, to the cultivation of this one 
crop. The great agricultural State of Iowa gives up 25 per cent, wliile 
in Illinois the proportion is but little less. The smallest proportion is 
naturally in the Eocky Mountain region, where the elevation is too 
great for a full development of the cereal, and to New England, where 
with small farms and intensive culture other crops are found more 
profitable. 

In the following statement the country is divided into five groups 
according to the proportion of total surface area given up to corn in 
1889, the first group including all having more than 100 acres and the 
11625 3 
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last group having less than 20. The general average for the whole 
country is 42.2 acres for each 1,000 acres of land surface, exclusive of 
Alaska: 



loo AKD OVEK. 

Delaware 178 

Mar>iaDd 116 

Tt'nin'HHee 138 

Kt>iitiicky Ill 

Ohio 115 

Indiana 160 

lUinoU 224 

Iowa .* 250 

MiitAOuri 155 

KaniNM 130 

71 TO 100. 

New Jersey 75 

Virginia 84 

Korth Carolina 89 

South Carolina 83 

Georgia 80 

Alabama 7ti 

Nebraska 84 

41 TO 70. 

Pennsylvania 48 

Idissii.sHippi 67 

Arkau.saa 63 



West Virginia 43 

21 TO 40. 

New York 23 

Louisiana 37 

Texas 27 

Michigan 26 

Wisconsin 31 

20 AND UNDEE. 

Maine 2 

New Hampshire 6 

Vermont 10 

Massachusetts 11 

Rhode Island 18 

Connecticut 18^ 

Florida 14 

Minnesota 15 

California 2 

Oregon 1 — 

Colorado 1 — 

Dakota 9 

Utah - 1— 

New Mexico 1 — 



General average 42.2 



We have had a limited foreign trade in com and its products firom 
very early times, but the demand for consumption in foreign countries 
has never been great enough to make it a prominent feature in our 
agricultural exports. As far back as 1821, we exported a little more 
than 1,000,000 bushels, and it was more than twenty years from that 
date before the amount had doubled. The quantity sent abroad yearly 
in the earlier history of the trade was remarkably uniform. 

In the table presented there is a showing of the exports of com and 
meal, and the total in the form of com by five year periods from 1821 
to 1880, and yearly from that time until the present, the figures being 
for the fiscal years ending on June 30 of the years named since 1842; 
prior to that date the fiscal year ended on September 30. 

In 1890, following the magnificent crop of 1889, and as a result of 
the low price which prevailed throughout this country, the hundred 
million bushel mark was reached for the first time. The fact that our 
foreign importation depends upon the price at home is well illustrated 
by the record of the year following, when, with a short crop and high 
prices, we had less than one-third as much. 
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Exporti of Indian com and weal from the United State§, 



Yean. 


Cor 




Commtal. 


T...l»rn. 


Quantity. 


Vsluo. 


Qiumtlty. 


ViiUie. 1 QnuulKy. 


Trfne. 




BrahtU. 

m789 
236, SWi 


DOUOTM. 

II 

B, 513. MO 
SUT,83e 
8,880,873 

13; 374; 050 
60, 702, S«B 

III 

SI. rso! 922 
19:347:361 
13.355,»5» 
32.1W2.277 
42.858,015 
17.«52.087 


SamU. 

152,181 
150.682 
1*3,477 

ss 

498,740 

258:268 
235,321 

ari.MS 

320.811 
3M,S36 

238:942 

202: 779 

2«;338 
270,613 

ii 


Doltor.. 

4861874 
648,215 
891,243 
867.404 

1,796,850 
.829,494 
9S3,50S 

1.0M,654 

i: 270: 200 
818: 739 

ss 

765:636 

8ee:87ft 

916,977 


Su/htU. 
1,311,905 

i:|:S 

i,boi:d21 

10,759,391 

III 

79: us! 495 
93,648,147 
44,340.683 
41, 655, 653 
48,258,606 

'iMs 

25,366.889 
70,841,673 


BoUarM. 
819, 368 
















lW«-60 


I 


7e*.«i 

781. OM 

508,655 
05«!3S« 

5Bh!s3G 
24J,4M 

E55|43S 
307.252 

502,029 


8,052.43* 












22,185.807 
44,811.242 
61:972:889 


WK^ 






























«5M8W 

















The iiisigniflcaiiceof the consumptioii of our com abroad as compared 
with the consumption at home ha8 already been shown, but in tlic fol- 
lowing table the estimated annual production ea«li year from 1870 to 
1890, with the amount which has been shipped abroad trom each crop, 
is presented, in order that a showing of the proportion of each crop 
sent abroad may be made. From this it appears that less than 4 per 
cent of the average crop of the last twenty-one years has been shipped, 
and that the largest proportion sold abroad was only 6.5 per cent in 
1877, ranging from that to 1 per cent in 1870. 

It should be stated, perliaps, that in this table the figures referring 
to production relate to calendar years, while those referring to exports 
relate to fiscal years, beginning with July 1 of the year which is men- 
tioned. The object of this arrangement is to show as accurately as 
possible what proportion of a given crop is exported. 











Production and export of com. 






Y.™. 


Pr.lu.,i... 


E.port,. '^^XV' 


Y,.„. 


r,-n.„,.„... 


K,T.on,. 


^IL'S^ 




B.-rffl. 


Burtrf. 


Pffwnt. 






BuihtU 


p , 


1870 


1,004,255,006 


0.873,553 




1882 


1,617.025.100 


41,655,063 






















































































































































1,^88,218,750 


7,K84.K!12 




1890 
















^:w^m 
















1,191,916,000 












B.8 



In the showing of average prices of corn for a long series of years 
Chicago ha8 been selected as being near the center of the great sur- 
plus region. Three dates in each year since 1871 have been selected 
upon which to present the cash price of No. 2 corn, the standard com- 
mercial grade; and in connection with this a showing of the farm price 
in December of each year, as retarned to tlie Statistician of the Depart- 
ment of Agricnlture by its corps of county correspondents, is given. 
The export price for each fiscal year during the same period is also 
Bhown. In making comparisons of these various prices it must be re- 
membered that Chicago, being in tha surplus district where the trans- 
portation charges from the field to the warehouse are small, shows af> 
times a lower commercial price than the average farm price for the 
country. The farm price represents the value in the hands of growers, . 
either upon the farm where grown or at local purchasing points, while 
the export price is the value at the seaboard after the product has 
borne the cost of transportation, commissions of middlemen, and general 
handlers. 

ICenta ,i«Tbuabel,] 



Toar.. 


™"*"Sirir"""" 


Farm 
ber. 






Juu,. 


M»y. 


September. 


Ing. 






S4 -56 
T1-76J 

pi 


4 1 j - lit 


36.7 
3«!6 
34! 1 
61.: 8 
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